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LOW COST= 
HIGH ACCURACY 


e@ Check any dimension or geometrical 
relationship 
e Control feed of machine tools precisely 


@ Tolerance range .100”—.0001” 
@ Amplification range 62.5—5000 
e Applicable with any air gage 

© Bodies %" square or cylindrical 
© Two lengths, 1%" and 1%” 

@ Only one moving part 

e@ immediate delivery in quantity 

@ Low cost 


GAGE DIVISION, DEPT. 11, THE SHEFFIELD COR*ORATION Seaiteetee 
DAYTON 1, OHIO, U. S. A. 
See Us at the Machine Tool Show—Booth 1365 
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Quality Control Supervisors and their staffs cific packaging requirements of your products, 

at American Can Company plants throughout are controlled for quality throughout each op- 

the country know their jobs and play a most eration in their manufacture. You can always 

important part in maintaining the high stand- be sure when you deal with Canco that you 

ards of quality which are a tradition at Canco. will receive quality containers no matter when 
Canco containers, designed to meet the spe- they are needed or in what quantities. 


Go first to the people who are first! 


New York + Chicago + SanFrancisco + Hamilton, Canada 
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Temperature and Humidity Tests 
provide vital performance statistics 
that insure optimum performance 
of Du Mont equipment even in 
steaming jungles or polar ice caps. 
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THESE 


RUGGED 
ENVIRONMENTAL TESTS 


Are Examples of the Many Ways Du Mont 


MH. 


Guarantees the Performance of Better Products Built for 


Science, Home, Industry and National Defense 


Here, Du Mont equipment undergoes vibration tests to guarantee 
its operation under extreme conditions. 





Grueting Drop-Shock tests prove that Du Mont equipment will 
continue to operate under extreme stresses and strains 


VISION 


® 
is THE ou Monr DIMENSION 


First with the Finest in Television 
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BROADCASTING 
DIVISION 


> 
CATHODE-RAY 
TUBE DIVISION 


RECEIVER 
DIVISION 


RESEARCH 
DIVISION 


Altitude Test Chamber simulates atmosphere pressures 
and temperatures to prove superior performance of 
Du Mont equipment for high altitude flying 


Sea-borne Du Mont electronic gear also receives 
exhaustive tests like this salt spray which establishes 
the fact that Du Mont equipment will perform 

under such extremes of exposure 


Expiosion Chamber tests of Du Mont equipment verity 
its safe operation in the presence of explosive fumes 


nan 
"ice = 
ies ot 
a | LLRX : 23 
COMMUNICATION 


INSTRUMENT INTERNATION Al 
PRODUCTS DIVISION 


DIVISION 


GOVERNMENT 


DIVISION MANUFACTURING DIVISION 


tilen B. Du Mont Laboratories, Inc. Executive Offices, 750 Bloomfield Avenue, Clifton, N. J. 
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CAVEAT EMPTOR 


Although popular opinion says that 
“the Greeks have a word for it,” the 
old Romans beat them out on this 
one, which is their version of “Never 
give a sucker an even break.” In 
Gone With the Wind Rhet Butler in 
a playful mood suggested it as a slo- 
gan for a shop that Scarlet O’Hara 
was getting ready to set up, and if 
memory serves correctly she fell for 
it 

In a less free translation, of course, 
the phrase means “let the buyer be- 
ware,” and it came to mind in con- 
nection with the sharp practices 
common to merchandising methods 
of the late nineteenth and early 
twentieth centuries. In those days 
certain legal bounds had to be estab- 
lished to clean up these practices, 
which were carried on profitably by 
the unscrupulous business men even 
in the face of disgruntled customers. 
Communications being what they 
were, a dissatisfied customer was 
only a dissatisfied customer—there 
were always more around to fleece. 
Marshall Field’s enforced pro- 
nouncement that the “Customer Is 
Always Right” was a revolutionary 
idea for the times. 

Today there are still legal restric- 
tions and bounds, but for the most 
part modern communications are 
such that a single dissatisfied cus- 
tomer can mean a sizeable loss of 
business. What used to be a whisper 
campaign is now frequently ampli- 
fied to a loud roar. During the past 
half century merchandisers and 
manufacturers alike have come to 
heed Field’s slogan, largely because 
they have found that it’s virtually 
impossible not to do so and stay in 
business very long. Both will spend 
large sums of money in servicing 
customer complaints and particularly 
in correcting the things that cause 
them 

All of this adds up to the fact that 
we, as consumers, can be thankful 
that our economic atmosphere is such 
as to permit and encourage such atti- 
tudes on the part of manufacturers 
and merchandisers. As quality con- 
trol engineers with companies that 
manufacture products either for di- 
rect consumer use or for industrial 
use by the consumer product manu- 
facturers, we must keep in mind that 
customer good will is one of the 
chief aims of our quality programs. 

In evaluating the effectiveness of 
our quality engineering versus its 
cost, the number of customer com- 
plaints is one important weather- 
vane. Even so the direct savings in 
a reduced field force and in reduced 
replacements which may result from 
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an effective quality program is but 
a small portion of the savings. Of 
far more importance, and unfortu- 
nately far more intangible, is cus- 
tomer good-will. 

Interestingly enough, in spite of 
the advances made in establishing 
customer good-will in the consumer 
market, the same degree of progress 
has not been reached in the in- 
dustrial area. It is the major pur- 
pose of the Vendor-Vendee Rela- 
tions portion of ASQC’s program to 
assist in achieving this progress. 


Much has already been accom- 
plished in the few years it has been 
developing. At the present time it 
appears that the keystone of the 
program rests in Vendor Certifica- 
tion—a technique whereby the 
manufacturer, guaranteeing an ef- 
fective quality control program, and 
the purchaser can meet on a com- 
mon ground and get together on 
their signals. As more and more 
suppliers get together with their in- 
dustrial customers we look for a lot 
more progress in future relations. 
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Membership in the American Society 
for Quality Control is available in three 
grades through local Sections or direct- 
ly through the Executive Secretary. An- 
nual dues for direct national member- 
ship are: for Members, $10.00; for Senior 
Members, and Fellows, $12.00. in each 
grade, $3.00 of. the annual dues are 
allocated as a subscripuon to INDUS- 
TRIAL QUALITY CONTROL. The 
Member grade is open to any person of 
good character who is 21 years of age 
and engaged or interested in quality 
control. Information covering higher 
grades of membership and concerning 
local Sections may be obtained from the 
Executive Secretary. 

Membership in the Society is per- 
sonal and professional, and is not open 
to corporations, companies, or other 
organizations. 
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A lesson in tolerance 


Close-tolerance grinding machines face rigorous qualification 
tests before starting production at Delco-Remy 


ELECT@ICMLISYSTEMS 


’ 


Delco-Remy quality control extends even into sup- 
pliers’ plants—as in the case of the distributor-shaft 
grinding units shown above. Delco-Remy engineers 
subjected these machines to extensive qualification 
tests on the manufacturer’s floor to ascertain their 
ability to hold close tolerances in production. As a 
result of changes, based on quality control analyses, 
the machines are qualified plus or minus .00015”. It is 
quality control like this that makes possible high 
uniform production—and makes Delco-Remy the fore- 
most name in electrical systems, wherever wheels turn 
or propellers spin. 


DELCO-REMY + DIVISION OF GENERAL MOTORS + ANDERSON, INDIANA 
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Final Piston Inspection — Using a weighing scale, “black 
light” magnetic inspection and numerous precision gauges, this 
veteran inspector carefully rechecks each and every GM Diesel 
engine piston. “Quality Control” like this is a good reason for stand- 
ardizing on both GM Diesel engines and genuine GM Diesel parts, 


“Twin” Test—GM Diesel “Twin” being given final test on 
typical dynamometer test stand to assure that it delivers specified 
horsepower. Each of the two engines in the “Twin” has already 
undergone basic dynamometer testing, but all multiple engine units, 
generator sets, and power units receive this additional final test. 


Of course we believe 
in Quality Control 


We use it consistently—on every important part. 
Diesel engines demand careful manufacturing and in- 
spection methods because of the extremely rugged 
tasks to which they are assigned in the field. Main- 
tenance on them varies from a carefully planned pro- 
gram of preventive maintenance and timed overhauls 
to a “run ’em till they bust” attitude. As a result, 


whether it be in metallurgy, machining or inspection, 


GM 


GEWERAL MOTORS 


It pays to STANDARDIZE on at 


DETROIT DIESEL 


ENGINE DIVISION 
GENERAL MOTORS ¢ DETROIT 28, MICHIGAN 


Single Engines . . . 30 to 300 H.P. Multiple Units... Up to 893 H.P. 


only the best will stand the test. 


QUALITY CONTROL 
enables us to say: 


Gear Inspection — On this instrument the profile of gear teeth 
is regularly inspected and electrically recorded on a tape. Other ma- 
chines in the gear inspection room check all operating characteristics 
of our all-steel gears to assure smooth running and maximum life, 





They get paid to wreck Zenith’s products! 


THERE ARE MEN who actually spend 
all their working hours deliberately 
trying to wreck precision-built 
Zenith products. 

We have found these people pur- 
posely dropping packed radio and 
television sets three feet onto a con- 
crete floor. They put radios in a 
“steam bath’’. They subject many 
defense products to extremes of tem- 
perature, humidity, and salt spray. 
Or they might put any Zenith prod- 
uct in a machine that shakes and 
punishes it mercilessly —the equiva- 
lent of 5000 miles of roughest travel. 

And we pay them to do it! We like 
to be sure that our products will take 


the worst that can happen to them, 
even though they’ll be pampered and 
treated with care by their ultimate 
owners. 

Sets must be transported by truck 
or train to their destinations, and 
that means a lot of shaking. A Zenith 
Trans-Oceanic” Portable Radio 
often turns up in a steaming jungle— 
or in the arctic. Defense products 
may turn up anywhere in the world. 

That’s why at Zenith some men 
spend their full time trying to wreck 
Zenith sets. If they succeed, and the 
sets don’t measure up to the highest 
standards of Zenith quality, even 
more protection is built in. 


This is an integral part of our 
“Quality Assurance” program. 

The same care in manufacture, the 
same “‘Quality Assurance”’ program, 
is carried through all Zenith produc- 
tion— both civilian and defense. This 
is one reason why Zenith is called on 
so often to help develop better weap- 
ons of defense for the Government. 


The royalty of RADIO ond TELEVISION 


ALSO MAKERS OF FINE HEARING AIDS 


Zenith Radio Corporation « Chicago 39, Illinois 


ZENITH, backed by 36 years of specialization in radionics, serves America with co STRONGER DEFENSE AND A BETTER WAY OF LIVING 
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Davison 
dependable products 
through statistical quality control . . . 


Davison Chemical Company, a Division of W. R. Grace & Co., 
produces inorganic chemicals using an in process and final inspection system of 
quality control. Industry has learned to rely on Davison for catalysts, fertilizers, 
finely divided silicas as well as many other dependable products. Through quality 
control and continuing plans of expansion and diversification, Davison will 
produce additional products that can be used with assurance. 


Progress Through Chemistry 


DAVISON CHEMICAL COMPANY 


Division of W. R. Grace & Co. 
Baltimore 3, Maryland 


Producers of: Catalysts, Inorganic Acids, Superginaphates Triple Superphosphates, Phosphate 


Rock, Silica Gels and Silicofluorides. Sole Producers of DAVCO® Granulated Fertilizers 
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IBM DATA PROCESSING 
SPEEDS QUALITY CONTROL! 


IBM’s leadership in applying electronics to statistical and 
scientific problems has given industry dramatic new ways to achieve 


precise quality control... with incredible speed and accuracy. 


Today, IBM Data Processing Machines calculate arithmetic means, 
variance, and control limits; they perform correlation studies to 
determine variables affecting quality: and they do many other equally 
important quality control jobs in minutes instead of hours or days. 
Whether your problems are large or small, IBM Data Processing 

can give you the answers. Facts are yours for the asking at 


any IBM office. 





PROCESSING | WORLD'S LARGEST PRODUCER OF 
DATA PROCESSING MACHINES 








INTERNATIONAL BUSINESS MACHINES CORPORATION, 590 MADISON AVENUE, NEW YORK 22, N. Y 
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The Hydra-Touch system on Farmall 300 and 400 tractors gives operator new ease 
and convenience, plus positive control. Entire implement or single sections can be 


raised or lowered hydraulically. 


Perfect control in the field 


—because of quality control in the plant 


Watch a modern farmer with his new Farmall. See how he 
applies power and speed and precision to big volume modern food 
production. 

International’s Hydra-Touch control is the key to the fast, 
precise job you can do with International Harvester’s farm trac- 
tors, in every field operation. At your finger tips, you have con- 
trol of all implements—all the time. 


Heart of the system is the IH designed control valve. Quality 
Every valve in the Farmall Tractor Hydra- 


control is the rule in its manufacture. Every valve is tested, Touch system (for the positive control of 
farm machines) is thoroughly tested on the 


before it is installed, on the equipment pictured at the right. —_ equipment shown here 


ba INTERNATIONAL HARVESTER 


The confidence in IH products comes from the quality built into them. 
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SQC pays off 
in good telephone service 


It is Western Electric’s job, as the manu- 
facturing and supply unit of the Bell 
System, to provide telephone equipment 
required by the Bell telephone companies 
to maintain their 44 million telephones 
and to provide for further public needs. 


Together with team-mates at Bell 
Laboratories, we have been developing 
and using Statistical Quality Control 
techniques for over a quarter of a century. 
SQC has helped us produce telephone 
equipment of the highest quality—with a 
minimum of waste of materials and labor. 


Indeed, SQC is one of the important 
factors that helps to achieve the Bell 
System goal...good, dependable telephone 
service at low cost. 


MANUFACTURING AND SUPPLY UNIT OF THE BELL SYSTEM 
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THE WHOLE ROHR STORY 
IS IN MILLIONS OF PARTS: 


ROHR has won fame for becoming the 
world’s largest producer of ready -to- 
install power packages for airplanes... 
like the Lockheed Constellation, Douglas 
DC-7, the all-jet Boeing B-52 and other 
great military and commercial planes. 


But there’s far more to the ROHR story! 


In addition to power packages, ROHR 


aircraftsmen are currently producing 


over 30,000 other different parts for 


aircraft of all kinds. 


Whenever you want aircraft parts better, 
faster, cheaper...call on ROHR. Remem- 
ber, the whole ROHR story is in the great 
engineering skill and production know- 


how gained from building thousands 


upon thousands of power packages and 


millions of other aircraft parts. 


LOCKHEED SUPER CONSTELLATION 


OF READY-TO-INSTALL POWER PACKAGES FOR AIRPLANES 
~ RECIPROCATING, TURBO-PROP, TURBO-COMPOUND AND JET. 


AIRCRAFT CORPORATION 


WORLD'S LARGEST PRODUCER 


CHULA VISTA AND RIVERSIDE CALIFORNIA 
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One very smettF reason 


for driving safely 


Ford Motor Company 
FORD «+ LINCOLN « MERCURY CARS + FORD TRUCKS « TRACTORS «¢ FARM IMPLEMENTS «+ INDUSTRIAL ENGINES 
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Wheel engineering at its best 


Our industrial world started with the wheel. 


Little known to most people, but highly regarded among 

engineers, the science of wheel engineering has reached its most 

advanced stage of development at Kelsey-Hayes. Here, with a 

background of experience that goes back to the birth of the automobile, 
specialists in wheel engineering design, test and build wheels, 

hubs and drums for almost every kind of vehicle. 


Because this pioneering development work goes on all the time 

most leading manufacturers of modern passenger and commercial vehicles 
look to Kelsey-Hayes for leadership in wheels. 

Kelsey-Hayes Wheel Company, Detroit 32, Michigan. 


KELSEY@ HAYES 


World’s Largest Producer of Automotive Wheels 


Wheels, Brakes, Hubs, Brake Drums, Special Ports for all industry . 9 Plants—Detroit and Jackson, Mich. ... 
McKeesport, Pa. ... Los Angeles... Windsor, Ont., Canada ... Davenport, la. (French & Hecht Farm implement and Wheel Div). 
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EASTMAN CHEMICAL PRODUCTS, INC., subsidiary of Eastman Kodak Company, KINGSPORT, TENNESSEE 
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Good Gear Performance is No Accident 
With Quality Control 


APPROVED IN THE LAB 


From design through production, Allis-Chalmers 
engineers know their gears inside and out. Here are 


a few of the modern laboratory tests and inspection 
techniques by which their quality is controlled: 


Carbon Content Test 


With this apparatus, Allis-Chalmers engineers can 
determine the carbon content to within .01 percent 
Steel must have correct carbon content to insure 
heat-treating to proper strength and hardness. 


Quench Test 


To help insure complete control over the quality of 
finished gears, all steel must meet specified harden- 
ing characteristics, determined here by the “End 
Quench Hardenability Test.” 


Dimension Test 


Cutting tools used to make the gears, as well as the 
gears themselves, are measured in the gear labora- 
tory. With this precise dimension control, Allis- 
Chalmers can mass-produce gears that are correct 
to 1/10,000 of an inch. 


Metal Grain Test 


Sections cut from finished gears are examined under 
metallurgical microscopes which magnify from 10 to 
2,000 times. This test gives assurance of proper and 
uniform quality of grain structures in hardened gears. 


PROVED IN THE FIELD 


The final and most important test for any gear 
is its performance under actual job conditions. 
In Allis-Chalmers tractors, motor graders and 
motor scrapers, the quality of their gears is 
proved by long, efficient service on the toughest 


earth-moving jobs. 
T 


RACTOR DIVISION © MILWAUKEE 1, U.S.A. 
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Take the Wheel—and Overtake Tomorrow! 


Some day other cars may attain the cleancut distinction of Pontiac styling or the 
clearcut advantages of Pontiac’s Strato-Streak V-8 performance. But not now! Today, these 
car-of-tomorrow features are Pontiac exclusives—visual and thrilling evidence of the long way Pontiac 
has gone to bring you a joyously new kind of motoring. Just how delightfully different Pontiac 
ownership can be we invite you to prove by piloting a Pontiac on a route of your choosing. And 
don’t be afraid to lose your heart! This future-fashioned General Motors masterpiece is tagged with 


a wonderfully pleasant price. Confirm today the many reasons why it’s Pontiac’s year to star! 


~ Pontiac & 


WITH THE SENSATIONAL STRATO-STREAK V-8 


PONTIAC MOTOR DIVISION OF GENERAL MOTORS CORPORATION 
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The Impact of Quality Control on 


Retail Merchandising* 


Macy’s Bureau of Standards, New York, N. 


THOROUGH VS. 
COMPREHENSIVE KNOWLEDGE 


Several years ago, before the 50th 
Anniversary meeting of the Amer- 
ican Society for Testing Materials. a 
committee of engineers assembled to 
choose a suitable slogan and design 
emblematic of the activities and ob- 
jectives of that Society. All of the 
entries (and there were many) were 
mounted on the walls of the room. 
Many of them were discarded by 
mutual consent 

The contest boiled down to five or 
six. One cf the engineers spoke up 
on behalf of one of these saying thai 
it presented a “thorough portrayal of 
the Society's activities and objec- 
tives.” 

The chairman took exception. He 
“A thorough portrayal is not 
good enough—the portrayal must be 
comprehensive.” Asked to explain 
the difference, he told a case history. 

“Gentlemen,” said he, “you are sit- 
ting on chairs with aluminum frames 
and upholstered You may 
know all about aluminum and fabric 
and filling material. You may know 
how these products are made and 
how to fabricate and assemble them 
so as to produce these chairs. If you 
know all these things, you have a 
thorough knowledge of manufacture 
of these chairs, but unless you know 
what will be the result of your im- 
pact on the chairs, and of their im- 
pact upon you, you do not have a 
comprehensive knowledge of chairs.” 

As a quality control society, you 
are to be congratulated on not being 
satisfied with a mere “thorough 
knowledge” cf your profession. You 
seek to learn the impact of quality 
ccntrol on others, and thereby deter- 
mine the nature and extent of its 
future impact upon you. 

To measure the impact of quality 
control on retail merchandising, it 
becomes necessary to explore the 
stores and the homes 


said, 


seats. 


RETAIL LAND 


Retail land is one we've all heard 
a lot about and about which many of 
us think we have, if not a compre- 
hensive, perhaps a thorough ac- 
quaintance. But have we? Let's sup- 


EPHRAIM FREEDMAN 


pose we consider retailing as an in- 
quiring tourist meets the people of a 
foreign land. He soon finds out that 
while they and he have many things 
in common, there are many points of 
difference, and in varying degrees. 
These differences are due mostly to 
language, religion and heritage, and 
to geographical, economical and po- 
litical environments. But great or 
small as these differences may be, if 
there exists the will to understand 
“ach other’s problems, and the de- 
sire to help each other, then a more 
comprehensive solution of their mu- 
tual problems is certain to result. 

The principle applies to manufac- 
turing and retailing. Quality control, 
as exercised today, is practiced to a 
far greater degree in the manufac- 
turing industries than in retailing. In 
recognizing that fact, you are now 
seeking to ascertain its impact on 
retail merchandising. 

Entering retail land, we find, as in 
the manufacturing field, business 
ranging from one-man enterprises to 
immense corporations whose branch- 
es spread all over the United States. 
We learn that they, too, have pro- 
curement problems, sales problems, 
labor problems, and that they, too, 
pay taxes. We find that they are af- 
fected, perhaps more than is gener- 
ally recognized, by political events, 
and even more so by state and local 
laws, rules and ordinances and by 
local economic changes 

A stoppage or even a curtailment 
of work in a large local factory is 
very soon felt by the local retailer. 
When a foreign country becomes 
p2rsonna non-grata to the citizens of 
a community, over-night, the local 
merchant carrying its commodities 
finds himself in possession of unsal- 
able merchandise. 

When a manufacturer makes and 
sells a product that is poisonous or 
hazardous, or one inferior in perfor- 
mance, or one not durable, the re- 
tailer is usually held to be directly 
responsible—not the manufacturer. 
When a manufacturer labels his sport 
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shirts as washable when they are not, 
the consumer holds the retailer re- 
sponsible. When furniture falls apart, 
or the television set does not work; 
when the vacuum bottle develops a 
bad odor, or the toaster doesn’t toast; 
when the decorations wash off the 
dinnerware like gravy, the retailer 
gets the blame, as he does when the 
curtains fall to pieces, stockings snag 
and run, bathing suits give every- 
thing away, or the plastic handle 
breaks and drops off the electric 
broiler. 

The same holds true when the 
electric refrigerator or the washing 
machine, the dishwasher or the iron- 
er goes out of kilter, when the paint- 
ed wall is streaky, when the paint 
does not seem ever to dry, when the 
grass seeds won't sprout. Examples 
like these are only a handful, but 
they are not cited to cast any reflec- 
tion on the manufacturing industry 
nor are they a bid for your sympathy 
in behalf of the storekeeper 

Other significant points become ap- 
parent as you explore. You find that 
while you manufacture relatively few 
items in your own establishment, and 
sell these items in large quantities, 
(you hope), to individual customers, 
the reverse is true with the retailer 

When the volume of your business 
is sufficiently large, you install pro- 
duction lines to speed up production, 
and to lower costs.. In many retail 
set-ups, this is just not feasible. The 
nature of the merchandise or the de- 
sires of the store’s clientele may in- 
sist on individual attention by sales 
people for each individual selection; 
e.g., furniture, bedding, shoes, furs, 
most drugs, cosmetics, television and 
sundry other items. 

I need not enlarge on the marking 
problem—price, style, house number, 
season, and where necessary, content, 
or the shortage problem, or numer- 
ous other problems that exist in the 
land of retailing. Instead, we can 
agree that retailers, too, have prob- 
lems. 


QUALITY CONTROL AND 
RETAIL LAND 
Comes the question, “What is being 
done about it?” Can quality control 
be of profitable help to retailers? If 
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so, how and when and where? Also, 
by whom? 

Retailers are divided, roughly 
speaking, into two classes 

1. those who are primarily dis- 

tributors for manufacturers, 
and 

2. those who are buying agents 

for their communities 

Those who fall into the first class 
have to depend entirely upon what- 
ever quality control is maintained by 
the manufacturer, if any. If the prod- 
uct he sells does not bounce back, the 
retailer has no problem. If it does, he 
is likely to drop the item, or even to 
stop carrying the whole line. In so 
far as quality control is concerned, 
the damage has now been done. The 
total cost of bounce-back may wipe 
out much of the producer's profits, 
and seriously shrink the demand for 
his products. 

Retailers who are buying agents 
for their communities fall into an en- 
tirely different category. 

They realize that as merchants 
they must carry almost anything for 
which there is a sizeable consumer 
demand. As buying agents for the 
family, however, they must also offer 
their public the best possible values 
at the lowest possible price—com- 
mensurate, of course, with the fun- 
damental objective of any business, 
which is to show a profit. In order to 
reach and hold that objective, the 
merchant must, among other things, 
be constantly conscious of the impact 
of all factors affecting his profit pic- 
ture. 


Is quality control one of these 
factors: 


Before this question can be an- 
swered, ask what “quality control” 
means. I will take the liberty of offer- 
ing the following definition: 

“Quality Control is the applica- 

tion of methods of control to ma- 

terials, processes and products 
for the purpose of insuring com- 
pliance with sound  specifica- 
tions.” 
Another definition I shall offer has 
certain implications which may exert 
a profound influence on retail mer- 
chandising. I refer to Statistical 
Quality Control. 

“Statistical Quality Control is 
the application of statistics to 
sampling procedures for the pur- 
pose of determining whether the 
materials, processes or product 
should be accepted, rejected or 
otherwise dealt with.” 

Having, I hope, pierced the lan- 
guage barrier, suppose we address 
ourselves to the question, “Would 
retail merchandisers make use of, or 
accept ‘quality engineered’ products 
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just because producers say the prod- 
ucts are ‘quality engineered’?” 

Now, quality control, as I have de- 
fined it, has already rendered a dis- 
tinguished service to retailers as well 
as to manufacturers and to the pub- 
lic. Its contribution has served to 
separate most of the “sub-standard” 
from the “standard,” the “defectives” 
from the “acceptables,” the “seconds” 
and the “imperfects” from the 
“firsts.” It has done these things by 
examination of raw materials and 
components, by inspections on the 
production line, by further inspec- 
tions of the finished articles and, in 
some instances, by inspection of 
packing and shipping containers and 
methods of handling and transporta- 
tion. A real improvement in the uni- 
formity of quality in an increasing 
number of lines of consumer goods is 
the result. 

Too few people know what they 
owe to the wide, deep, quality con- 
trol practiced in the food industry, 
and even more so in the drug indus- 
try. 

The automotive industry, the elec- 
trical and electronics industries, and 
many segments of the textile and the 
garment industries are practicing 
quality control. The same can be said 
for many other industries. 

I repeat, therefore, that quality 
control has rendered a distinct serv- 
ice to retailers. 

I can give an affirmative answer to 
your first question: “Would products 
of known quality be favored?” 

But it becomes difficult to reply 
similarly to the question, “Would re- 
tail merchandisers make use of or 
accept quality-engineered products 
at face value?” Here is why: 

1. Quality control, per se, is not a 
guarantee that the product is 
adaptable for the purpose for 
which it is intended to be used 
or that it is capable of doing 
what it is supposed to do. 
Quality control as such, does not 
necessarily mean the elimination 
of merchandise which does not 
measure up to minimum accept- 
able retailer standards. 

The mere statement that prod- 
ucts are quality engineered can 
be, and frequently is, meaning- 
less. 

Retailers would go broke if they 
accepted merchandise on the 
basis that “only four or five 
percent of the goods were de- 
fective.” Rare is the merchant 
who can net four or five percent 
on his year’s sales! 

If retail merchandisers are to ac- 
cept “quality-engineered” products 
at face value, acceptance would have 
to be predicated upon: 


The establishment of minimum 
quality end-use standards. 

The promulgation and distribu- 
tion of these standards by a rec- 
ognized agency like the Amer- 
ican Standards Association. 
Agreement on the part of manu- 
facturers not to offer for distri- 
bution or sale any of their prod- 
ucts which do not conform to 
these standards without a clear 
disclosure of why. 

A factual disclosure of attributes 
and limitations, if any, accom- 
panying the product. 

The elimination of overlapping 
standards, such as the current 
standards for latex foam rubber 
products. 

Too much emphasis cannot be 
placed on the basic need for, as one 
author puts it, “Quality-mindedness 
in the upper management.” 

We threw out some golf balls be- 
cause their rebound was soggy. I 
went to the plant. I was taken on a 
sixty-four dollar tour of the quality 
control operation—that is after the 
balls were manufactured. 

Back with the Vice President in 
charge of operations, I asked whether 
any tests were conducted on the elas- 
tic windings. The answer was “No, 
we don’t have to. We buy the rubber 
band from one of the largest manu- 
facturers, and their product is always 
of uniform quality.” (I didn’t have 
the heart to tell him that I person- 
ally had run across a number of in- 
stances where merchandise had gone 
sour because of poor quality elastic. 
And if I met him today, I could add 
several additional examples to the 
list.) 

In other words, to be truly effec- 
tive, quality control must be thor- 
ough. 

Quality Control must be spirited 
and unlimited in its hope for the bet- 
ter. It has to go way beyond the 
question of acceptance or rejection of 
a standard created for the conven- 
ience of the producer. 

Quality Control ought to accept all 
the elements which the retailer finds 
necessary if he is to be a true buying 
agent for his community. It must do 
much more than inspection of pur- 
chased materials, fabricated parts, 
manufacturing processes and of fin- 
ished goods. It must be comprehen- 
sive enough to evaluate products and 
to accept or reject on the basis of 
those products meeting minimum 
end-use standards. 

QUALITY CONTROL IN 
RETAIL LAND 

Another question now arises—‘Is 

there a group, such as buyers, 


through whom future cooperation 
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could be cultivated? The immediate 
objective would be to reduce the 
amount of destructive (breakdown) 
testing of successive shipments at re- 
tail level.” 

Here I would like to present an 
orchid to a business organization of 
whom Rochester is extremely proud, 
the Eastman Kodak Company. East- 
man hasn't been satisfied to quality 
control in a casual or superficial 
manner. Eastman practices quality 
control in a comprehensive manner 
which goes all the way to the final 
user. 

The clothing industry of Rochester 
deserves an orchid for conscientious- 
ly living up to standards of quality 
of workmanship in the men’s cloth- 
ing field. 

I mention these two examples— 
one of a successful individual com- 
pany, and one of a successful indus- 
try—as quality control at its best. 


Rare is the need to “breakdown 
test” their products; their reputa- 
tions speak for themselves. Their 
quality control is priceless and prof- 
itable insurance. There are other 
firms and industries like these. 


Alas, these are exceptions, not the 
rule. It is because of the superficial- 
ity of quality control, as well as of its 
total absence in many quarters, that 
quality control is engaged in by some 
retailers. 

While many retailers are “Quality- 
Control conscious”, only a few of the 
big ones exercise quality control by 
installing test apparatus and people. 
The reasons are legion, but the atti- 
tude is simple and direct. Simply 
stated, most retailers feel that “The 
person who makes the product 
should make certain of its adapt- 
ability, utility and durability, as well 
as the consistency of its quality.” 

The time to shut the barn door is 
before the horse leaves, they say. 

In the retail field Quality Control 
varies in degree with the type and 
size of the business. Chain store and 
mail-order concerns which own or 
control the output of manufacturing 
plants have fairly good to excellent 
quality control departments whose 
activities are frequently geared to 
minimum end-use standards. 

Most department stores do not own 
or control the output of manufactur- 
ing plants. They buy mostly in the 
open market. Most of them are not 
large enough to engage in quality 
control in any substantial degree. 
And they can’t hope to have a thor- 
ough knowledge of each kind of the 
many varieties of merchandise they 
have to carry—in Macy’s, for exam- 
ple, nearly 400,000 different articles, 
not counting sizes or colors. 
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In most of the retail field, quality 
control is conspicuous by its absence. 
Not all stores are like Macy’s either 
in size, or in what is of equal impor- 
tance—quality-mindedness. Yet re- 
tailers both large and small would 
welcome the opportunity to purchase 
consumer goods which would reduce 
customer complaints. 


Does it shock you to know that in 
the furniture field, some lines of 
goods have a ratio of quality com- 
plaints-to-transactions of 1 to 4, or 
25 percent? It shocked the manufac- 
turer too. He thought he practiced 
quality control! The retailer present- 
ed him with the unvarnished statis- 
tics. The ratio has dropped appreci- 
ably, and is still dropping. The furni- 
ture industry is one in which there is 
great need for quality control, both 
as it is currently practiced, and as it 
could be developed. Poor design, 
choice of wrong materials, faulty 
construction—20 or 30 reasons exist 
for “poor quality” complaints in one 
type of furniture alone. 


Our furniture inspector made a lot 
of constructive, friendly progress in 
helping manufacturers recognize the 
profit opportunity in quality control. 
Thus we got better furniture at no 
greater cost to the manufacturer or 
to ourselves. Together, we've cut the 
number of poor-quality complaints. 
Since the average cost of handling a 
single furniture complaint is around 
fifteen dollars, it is apparent that re- 
tailers can save a substantial sum by 
exercising quality control. 


Comprehensive quality control is 
really essential in the textile indus- 
try. Many large manufacturers and 
a good number of the smaller ones 
practice quality control as it is being 
practiced in other industries. Para- 
doxically, however, the thought of 
developing or sponsoring, or of even 
supporting end-use standards for 
their products appears to be anath- 
ema to them. You figure that one 
out—I can’t. 

In 1948, the National Retail Dry 
Goods Association sponsored the es- 
tablishment of minimum perfor- 
mance standards for rayon and avce- 
tate products, and called upon the 
American Standards Association for 
its cooperation in effecting the pro- 
posal. 

In 1949 the American Standards 
Association Consumer-Goods Stand- 
ards Board, (then known as the Con- 
sumer Goods Committee) composed 
of persons representing several fields 
of interest from producers to con- 
sumers, approved the NRDGA pro- 
posal. Standards were developed with 
apparently complete cooperation and 
assistance from the producer groups. 


But, when the standards were sub- 
mitted to the various groups for ac- 
ceptance, the producer-group ballots 
were conspicuous by their absence. 
The American Standards Association, 
in the absence of active opposition to 
these standards, passed them, and 
promulgated them as American 
Standard Minimum Requirements 
for Rayon and Acetate Fabrics L 22. 

The boys agree that the yardsticks 
are good and true, but they don't 
want to measure! Figure that one 
out too! 

The basic concept of the real value 
of comprehensive quality control 
based on end-use standards needs a 
lot more recognition. Much “talk” 
continues in the trade press about the 
need for the solution of the problem, 
and for the pooling of efforts in mak- 
ing satisfactory fabrics available to 
consumers. The suggestion has been 
made that a clearing house be set up 
through which each of the groups 
mill-man, converter, dyer, finisher, 
garment manufacturer and retailer— 
can make themselves heard on how 
they do propose to see that the con- 
sumer always gets quality control. 
The American Standards Association 
is already available for this very pur- 
pose. That’s why it compiled L 22. 


CONCLUSION 


So, at last I come back to the ques- 
tion: “Is there a group—such as buy- 
ers—through whom future coopera- 
tion could be cultivated so that retail 
merchandisers would make use of, or 
accept quality-engineered products 
at face value?” 

The answer is “Yes.” Retailers as 
a group stand ready to cooperate. 
They recognize that members of the 
Rochester Society for Quality Con- 
trol and members of ASQC have 
been most effective in bringing about 
improvement in the quality of mer- 
chandise. 

Retailers want to see the scope of 
your work broadened. They look for- 
ward to the time when top manage- 
ment in the producing industries will 
recognize the basic need for compre- 
hensive quality control of consumer 
goods products—quality based on 
end-use standards. Only then, will 
you be able to realize your aims of 
rendering the fullest possible service 
to the retail industry. Until then, rest 
assured that retailers as an associa- 
tion, and retail dealers throughout 
the nation are deeply grateful to you 
for your contribution to better retail- 
ing and better consumer-retailer re- 
lations. They join with me in wish- 
ing you continued success and even 
more rapid progress in your efforts to 
help produce more acceptable con- 
sumer goods, fewer costly complaints. 
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Acceptance Inspection for the Consumer 


There is more than a little truth to 
the observation that the installation 
of any retail store laboratory for 
quality control was probably a reflex 
defensive reaction to the arm-twist- 
ing by super salesmen on one side 
and the shin-kicking by unhappy 
customers on the other. Even today, 
some 30 years after the mail-order 
houses first installed their technical 
control laboratories, the small group 
of retail establishments using their 
own laboratory facilities or employ- 
ing the services of the many excel- 
lent commercial testing laboratories 
to any great extent still constitute a 
very small and exclusive group. The 
ultimate aim of any department store 
or other retail establishment is to 
make its goods as attractive as pos- 
sible to its customers and to cause 
these customers to come back again 
and again for their purchases. An- 
other objective is to see that the mer- 
chandise stays sold and does not be- 
come a customer complaint. 


ABSORB CONSUMER 
VIEWPOINT 


I think in each case it was clearly 
called to the attention of the labora- 
tory head that this new technical ap- 
praisal venture on which the retail 
establishment was embarking was to 
serve as the customer’s laboratory. 
In other words, primary attention 
was paid to the merchandise service- 
ability requirements from the stand- 
point of the user; that is, the store 
customer. Such laboratories, there- 
fore, found themselves viewing goods 
primarily from the consumer point of 
view rather than that of store buyer. 
Even without such advice, it would 
take any store laboratory technical 
person only a short time to find out 
that voluntarily or involuntarily he 
was acting as the appraisal engineer 
for the ultimate consumers of his 
community. When a prospective cus- 
tomer first sees and purchases a new 
kind or brand of merchandise in a 
store, there are three primary re- 
quirements which must be met: first, 
how does it look; second, how will it 
wear or serve his or her needs; and 
third, how must it be cared for in use. 

The quality of appearance is the 
only one of the three primary re- 
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quirements which generally influ- 
ences the store buyer in the market, 
for here she, too, is a customer and 
she must consider the manufacturer’s 
offerings in terms of her entire clien- 
tele regardless of the specific use- 
requirements of any individual store 
customer. This, therefore, is the only 
truly customer point of view element 
that the buyer will necessarily con- 
sider when she makes her selection 
of goods from the manufacturer. 

The other two functions to be ful- 
filled; that is, serviceability and care 
in use, are really consumer points of 
view. They are factors that only be- 
come important after the article has 
been purchased and put into service. 
These two factors are of great con- 
cern to the laboratory of the depart- 
ment store, or the mail order house, 
or the commercial testing establish- 
ment whose services have been com- 
missioned by a store. These are the 
consumer-use or quality control crit- 
eria for which the store laboratory is 
primarily responsible. 


PROBLEM OF SINGLE SAMPLES 


Any one of us engaged in this kind 
of work will freely admit that our 
results would throw utter confusion 
into the mind of any statistician who 
might be charged with the responsi- 
bility for determining the statistical 
validity of our findings. Many of us 
engaged in this kind of work will 
freely admit that our present meth- 
ods are not adequate to determine 
the quality level of one manufactur- 
er’s line of toasters, house paints, or 
men’s suits, for example, in compari- 
son with those of other potential 
sources or with local competition. 
Such an exhaustive study would 
probably be prohibitively costly. Al- 
though we do make some periodic 
checks, we rely to a great extent up- 
on the expectation that the quality 
level will be maintained by each in- 
dividual producer, whether he be a 
fabric manufacturer or the maker of 
any other merchandise under exam- 
ination in the laboratory for its suit- 
ability for consumer use, be it a soap, 
a rug, an electric appliance, or a new 
kind of clothes pin. In this regard, I 
am sure that the large mail order 
house laboratories, having closer 


contact with the producing element 
of the business, do have or think they 
have a more valid statistical pattern 
to follow than do many of us in the 
department store laboratories. Nev- 
ertheless, by confining our purchases 
to the better producers—that is, those 
of greater reputation for good qual- 
ity—we are able to protect ourselves 
to some extent against wide fluctua- 
tions in pe-“ormance. 


REASONS FOR TESTING 

There are several distinct reasons 
why a textile product—let us say a 
dress, a bathing suit, or a negligee, or 
an article made of some new textile 
material—will be sent to the labora- 
tcry for evaluation. 

1. The buyer may want to know 
just what kind of product it is in 
terms of fiber identity or per- 
haps she will want to know 
something about its serviceabil- 
ity in use. 

2. There may be a factor of safety 
involved. Possibly it is some- 
thing that might be dangerously 
flammable, or have some other 
health aspect connected with its 
use, 

3. It might be a prospective private 
brand article that the store 
wishes to introduce into its own- 
brand program. 

. It may be something with which 
a neighbor down the street is 
doing a “grand” business and, 
therefore, the store buyer wishes 
to get in on this source of profit 
if it has merit and is not just a 
“gimmick.” 

5. It may be an exclusive that has 
been offered by the manufactur- 
er for a limited period of time, 
and the store buyer wishes to 
find out whether it really is a 
value or a prestige item. 

3. Perhaps a customer has com- 
plained about the article; there- 
fore, it is necessary to find out 
whether the customer’s com- 
plaint is truly a legitimate one or 
whether she misused the article 
in service. 

The field of textile products, espe- 
cially garments, is wide open for any 
kind of technical appraisal on the 
part of the store laboratory because 
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so many manufacturers of wearing 
apparel do not engage in any contin- 
uing program of technical evaluation 


of their products. 

In all fairness to the men’s cloth- 
ing industry, I should possibly ex- 
empt them from this charge. How- 
ever, even here, occasionally untest- 
ed and inferior types of material en- 
ter into the construction of a man’s 
suit even in some of the better 
In women’s clothing, how- 
sweeping as it 


houses. 
ever, the statement 
may seem—is accurate because here 
the fabrics are purchased almost en- 
tirely because of their appearance 
and often with no regard for the par- 
ticular end-use for which a certain 
fabric was originally dyed and fin- 


ished 


STYLE GOODS RARELY 
PRE-TESTED 


The manufacturer of women’s gar- 
ments appears to be more intent 
upon the color, texture, and style of 
his product than upon the fabric of 
which it is made or upon the iden- 
tity of the fibers entering into the 
fabrics unless there are rules and 
regulations making mandatory the 
disclosure of the fiber identity. This 
somewhat drastic conclusion may be 
substantiated be the vast number of 
cases in which a totally inappropriate 
fabric composition has been used in 
certain end-use products or com- 
pletely unserviceable findings and 
trimmings have been used on an 
otherwise entirely serviceable gar- 
ment. There are even occasions on 
which stores have received garments 
made of different fabrics from those 
originally seen and ordered by the 
store buyer in the manufacturer's 
display room. 

The maintenance of quality, there- 
fore, in the field of women’s clothing 
and, to a somewhat lesser extent, in 
children’s clothing is a real challenge 
to any store laboratory unless rigid 
specifications have been prepared for 
each particular end-use item. A new 
fabric construction or a new color can 
come on the market from a fabric re- 
source that has devoted a great deal 
of research and testing to its develop- 
ment, but if it is good it takes only a 
very short time for copyists, techni- 
cians, or dye-houses to come out 
with a virtually identical product in 
appearance and texture. This makes 
it very difficult for the fabric dis- 
tributor or for the manufacturer of 
the garment who wishes to produce 
the best in his field; the original 
and the copy look alike; maybe the 
cost is very slightly different; and not 
knowing which is the better, he will 
naturally purchase the cheaper of the 
two. Maybe the copy is the better, 
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and the manufacturer would be mak- 
ing a very serious mistake to pur- 
chase the more expensive one in self- 
defense 

When the finished garment reaches 
the store, the origin of the fabric— 
to say nothing of the dyestuff, the 
finish, and the original yarn—is lost 
way back in the complicated chain of 
textile development. This means that 
each individual item on which a store 
buyer wishes to have any kind of 
technical appraisal must be tested 
both by chemical and physical means 
in order to find out how it is going to 
serve the customer. The buyer may 
know whether it is appealing to the 
customer from the standpoint of ap- 
pearance. It is up to the laboratory 
and to the quality control program of 
the store to find out whether it is 
going to be a proper consumer-use 
kind of thing to purchase, to pro- 
mote, and to expect to be a good re- 
sale item season after season based 
on performance and care criteria. 
This simply means that the store 
technician must find out how the ar- 
ticle will perform in service and what 
kind of care must be taken of it if it 
is to stay in service for a satisfactory 
length of time for the average con- 
sumer. 


NEED FOR NATIONAL 
STANDARDS 


Particulary in the textile field 
there is a serious dearth of any kind 
of nationally recognized standards of 
performance for such end-use pro- 
ducts as wearing apparel or house- 
hold fabric merchandise. This means 
that each individual laboratory usu- 
ally arrives at its own pattern of 
quality control criteria, its own 
standards of performance for fabrics 
entering into various end-use appli- 
cations and its own end-use perform- 
ance standards. It was partly because 
of the lack of such standards that the 
store laboratories unanimously en- 
couraged and supported the Rayon 
and Acetate Standards recently pro- 
mulgated through the American 
Standards Association under the 
sponsorship of the National Retail 
Dry Goods Association. 


L-22 RAYON AND ACETATE 
STANDARDS 


This standard lists some 31 textile 
test methods and has set up require- 
ment criteria for 51 different end- 
use items made of rayon or acetate. 
The particular standards of perform- 
ance set up, let us say, for colorfast- 
ness to washing, to light, to perspira- 
tion, to crocking, to wet rubbing, etc., 
the shrinkage tolerance on washing, 
seam strength, the breaking strength 


of the material, and other factors are 
based upon background information 
that we have accumulated through 
the years both in department store 
laboratory work and in the evalua- 
tion of merchandise by the Ameri- 
can Viscose Corporation on whose, 
“Crown Tested” rayon program we 
depended so heavily in the develop- 
ment of the standard. Extensive use 
was made also of the experience of 
other textile producers in the rayon 
field and of the commercial testing 
laboratories. 

These are not ultimate values in 
terms of maximum quality, but they 
are values which in our experience 
do not result in many consumer com- 
plaints in service. They can be re- 
garded, therefore, as minimum stand. 
ards below which there is a danger 
sign as far as consumer experience is 
concerned and above which there is 
a wide open field for a store or for 
a textile producer to claim plus val- 
ues over and above the basic stand- 
ard itself. 

Now admittedly, very few, if any, 
store buyers that I know of are as yet 
conscientiously and consistently or- 
dering their rayon and acetate gar- 
ment according to this standard 
Nevertheless, it is the tool of meas- 
urement eagerly seized upon by these 
stores’ laboratories and these re- 
quirements are being set up by the 
laboratories for any rayon or acetate 
product submitted by buyers for ap- 
praisal. In other words, having this 
base from which to work we are all 
of us employing this standard in our 
evaluation of goods. Perhaps uncon- 
sciously we are applying many of 
these same performance criteria to 
similar end-use articles made of oth- 
er textile fibers. 

Among our tools for quality con- 
trol are the nationally recognized 
methods of chemcial analysis or 
physical testing available to us 
through such organizations as the 
National Bureau of Standards, the 
American Standards Association, the 
American Society for Testing Ma- 
terials, and the American Association 
of Textile Chemists and Colorists, as 
well as other standards issuing bod- 
ies of technical competence. For ex- 
ample, for a number of articles of 
wearing apparel including men’s 
dress shirts and a variety of items 
worn by children, there are size 
standards issued in the form of com- 
mercial standards through the De- 
partment of Commerce. 

Another commercial standard deals 
with the methods for physical and 
chemical testing of textiles of all 
kinds, these methods having been 
agreed upon by producers, distribu- 
tors, and consumers of textiles. 
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Among these standard methods of 
testing are accelerated exposure to 
ultraviolet light to simulate natural 
sunlight; washfastness tests for color 
retention; washing tests for shrink- 
age control; strength test measure- 
ments of several kinds; determina- 
tions of flammability hazard; tests 
for degree and permanence of water 
repellency along with many others. 
The National Electrical Manufactur- 
ers Association has developed stand- 
ard testing procedures for electrical 
appliances; the American Gas Asso- 
ciation similarly prescribes the meth- 
od of evaluation of gas appliances; 
the United States Pharmacopoeia is 
the single reference by which all 
pharmaceutical preparations listed 
therein are to be assayed and judged. 

These appraisal methods are for 
the most part designed to shed light 
upon the anticipated service-life of 
the article whatever it may be. Tech- 
nical committees in all these societies 
are constantly at work trying to 
make even more effective and more 
exact their tests for merchandise ap- 
praisal so that they will become more 
truly representative of the kind of 
wearout or breakdown which occurs 
in normal service-life. 

Another set of tools is the previous 
experience of the individual labora- 
tory in what is or what is not a very 
successful consumer end-use item as 
far as actual serviceability is con- 
cerned. This experience is difficult 
to pin-point because it depends so 
much upon the backlog of data ac- 
cumulated to years of merchandise 
appraisal, upon the observation of 
goods that have been returned by 
unhappy customers, and upon the 
excellent judgement of skilled buy- 
ers and merchandise managers. In 
other words, the merchandiser’s eval- 
uation of what will or will not sell 
combined with laboratory data based 
upon accumulated experience and 
standards of quality must work to- 
gether if the goods are to give the 
anticipated service and thus avoid 
turning into customer returns at a 
later date. 

All of us have had to develop some 
of our own tools when none -existed 
that would answer a particular ques- 
tion we had to have answered. Thus, 
we all have a certain number of pri- 
vate test methods which we use and 
interpret in the light of our own ex- 
perience. These private test methods 
were one of the factors that bothered 
some persons when it came to study- 
ing and approving the Rayon and 
Acetate Standards issued by Com. 
4-22 of the ASA, and many of these 
methods of private nature are now 
being evaluated by the technical so- 
cieties, notably the ASTM and the 
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AATCC, which deal particularly with 
the test methods within their own 
fields of activity. Thus ASTM for the 
physical testing and the AATCC for 


primary cognizance of the chemical 


evaluation of textiles. 

Recently the American Standards 
Association has begun another tex- 
tile standards venture, and Commit- 
tee L-24 is now engaged in the devel- 
opment of standard test methods and 
degrees of performance to be re- 
quired in all textile products used by 
institutions such as hotels, motor 
courts, hospitals, the railroads, and 
other large institutional buyers. This 
project of Committee L-24 is being 
sponsored by the American Hotel 
Association and, admittedly, many of 
the standards for institutionally used 
textiles will probably be somewhat 
higher than those required in the av- 
erage consumer’s home. Nevertheless, 
those of us in department store or 
mail order house laboratories will 
watch these standards keenly in or- 
der to apply them whenever possible 
to our own particular end-use speci- 
fications. Above all, our participatiin 
in the deliberations leading up to 
these standards during their develop- 
ment will surely make us more criti- 
cal of our own quality determining 
methods and in our own quality con- 
trol programs. 


FABRIC QUALITIES IN 
BALANCE 


One of the new schools of expres- 
sion in the field of sculpturing has 
developed what they call “mobiles.” 
These are physical embodiments of 
the principles of analytical mechanics 
and consist of arms of varying lengths 
from which are suspended different 
weights in the form of grotesque ob- 
jects or things of incongruous nature, 
all kept in perfect balance by clever: 
engineering of the whole assembly 
whether it be supported by a staff 
rising from the top of a table or sus- 
pended from the ceiling. 

To some extent, our specifications 
and standards for quality control of 
consumer end-use items, especially 
in textiles, resemble these mobiles 
because if one thing is out of balance 
it affects everything else. For ex- 
ample, with an existing specification 
we might say to the producer, “This 
is all right but you have got to in- 
crease the crease resistance of this 
material.” In trying to achieve this 
by means of adding more textile res- 
in finish, the durability or wear re- 
sistance of the fabric may be serious- 
ly impaired. In other words, our mo- 
bile or standard of quality will col- 
lapse. 

Similarly, we may say to the pro- 
ducer, “The colors are pretty good, 


but we want more brightness of 
hue.” This can be achieved by use of 
some different group of dyes or per- 
haps by adding an excess of color, 
but the result as far as the sun fast- 
ness or the wash fastness of the color 
or perhaps even its tendency to rub 
off will seriously affect the happiness 
of the consumer using the article. 
In having obtained our brightness 
which would be a real advantage as 
far as the initial appearance of the 
article is concerned, we may ruin it 
as far as the use- or the care-corners 
of the quality triangle are concerned. 

This means that the store labora- 
tory charged with responsibility for 
quality control, particularly in tex- 
tiles, must recognize the delicacy of 
balance between the various ele- 
ments they are called upon to evalu- 
ate in the end-use item. We strive, 
therefore, to set the actual test re- 
quirements severe enough that cus- 
tomers will enjoy the use of the ar- 
ticle and that they will not have too 
great a degree of responsibility or 
worry about its actual care in serv- 
ice, such as unusual methods by 
which it must be cleaned, or ironed, 
or stored. 

The criteria for the various end- 
use experiences to which a given 
fabric may possibly be put will vary 
greatly. Each of us has worked more 
or less alone in the past, although we 
have exchanged some information at 
meetings of technical societies and in 
committee deliberations; neverthe- 
less, I would venture to say that our 
specifications for window curtains 
whether they be of Orlon, nylon, 
cotton, or acetate might vary con- 
siderably from those of Macy’s or 
Gimbel’s, or of the big mail order 
houses. Our experience would be 
based upon the actual conditions in 
Pittsburgh as compared with other 
cities in which these other stores 
have the preponderance of their cus- 
tomers. All should agree fairly close- 
ly on bathing suits and perhaps on 
spectator sportswear for women. We 
would probably not vary greatly in 
our requirements for men’s clothing 
or for men’s shirts or for boy’s wear 
because, in these goods, maximum 
utility is of primary importance. 
Nevertheless, we each have our own 
ideas as to the order of importance 
of various use factors and physical 
test results, whereas others perhaps 
would rank them differently. Thus 
their specification or requirement for 
quality control could differ from 
ours. 

This again is another reason for us 
to welcome the standards on acetates 
and rayons because for the first time 
we have seen in this document some 
kind of end-use requirement to 


23 





which all of us can subscribe, and it 
covers a great many different kinds 
of end-use items from women’s wear 
to boy’s wear to men’s wear and 
even into the field of household 
fabrics 
SAFETY STANDARDS 

Although it is rare for a buyer of a 
textile product to be concerned with 
the safety of the item in consumer 
use, this factor is of profound interest 
when there is a potential hazard 
from fire. We are concerned with the 
flammability of some of our rather 
common textile products made in 
certain fabric constructions and us- 
ing cellulosic fibers such as cotton 
and rayon. A standard test method 
has been developed in which a care- 
fully conditioned piece of cloth is 
clamped at a 45° angle in a test 
chamber. A flame of uniform size 
from a prepared “bottle” gas is im- 
pinged against the top surface at the 
lower edge of the test piece, and the 
rate of the flame spread and propa- 
gation is then determined. If the 
fabric flames over the five-inch test 
length in seven seconds or less, the 
fabric construction must be described 
as flammable and, in general, would 
not be sold without having some per- 
manent flame retardent finish applied 
before it reached the store stock. 

Hazardous fabrics cannot be sold in 
the State of California* where they 
have a state law governing flam- 
mable fabrics in wearing apparel, and 
within this legislation the test method 
is prescribed in a much more detailed 
manner than I have alluded to it 
here 

It is significant, I think, that the 
episode of the flaming sweaters of 
some two years ago did not involve 
merchandise sold in any department 
or mail order store. These products 
were seemingly obtained exclusively 
through corner hawkers and sales- 
men visiting sorority and fraternity 
houses in some of our college towns. 
Nevertheless, the episode had a pro- 
found effect upon the various labora- 
tories maintained by the retail es- 
tablishments and also the commercial 
testing laboratories. We were so con- 
cerned, for example, that we had all 
of the plush and fuzzy textured cot- 
ton and rayon toys sold in the toy de- 
partment at our store sent to the 
laboratory for testing in order to de- 
termine whether they were hazard- 
ous as far as fire was concerned. 

Included with safety, I suppose we 
could legitimately consider the per- 
manence of mothproofing or insect- 
proofing treatments to various wool 
products. We are concerned in this 
regard not only with the effective- 


*The Federal Law became effective in 
June 1954 
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ness and permanence of the finish 
but also whether it in any way affects 
the appearance or texture of the 
cloth. In establishing the adequacy 
of such a treatment, it is customary to 
apply it to a number of samples of 
standard size. Some of these are then 
washed or dry cleaned, and then the 
untreated blank, the treated but un- 
cleaned sample, and the washed 
and dry cleaned samples are each 
separately placed in a small glass 
dish or other covered container into 
which are then introduced active lar- 
vz of the common clothes moth or of 
the carpet beetle or “buffalo” moth. 
The samples are then set aside in a 
warm, dark place for a month or 
more and are periodically examined. 
At the end of the test period, they are 
carefully examined and weighed in 
order to determine whether the in- 
sects have damaged them by feeding 
upon the wool or whether the finish 
was sufficiently toxic or active either 
to kill the insects or simply to resist 
damage 

Flame and insect protection are, of 
course, but two of the numerous fin- 
ishes that may be applied to a tex- 
tile product, and it must be kept in 
mind that the addition of any chem- 
ical substance might cause some skin 
irritation or dermatitis to the wearer. 
As far as we are concerned, we have 
regarded the problem of skin irrita- 
tion as a personal problem, and it is 
one that very few laboratories are 
equipped to handle. The technique 
of patch test aplication should be 
handled by a doctor of medicine, 
thoroughly familiar with that par- 
ticular method of diagnosis. 


TRUTH IN LABELS 


A real part of the consumer's sat- 
isfaction with a product that she buys 
in a store is whether or not it lives 
up to the representations made for it 
by the manufacturer and, therefore, 
up to her expectations. The labels on 
textile products rarely make per- 
formance claims that cannot be sub- 
stantiated in laboratory evaluation, 
although the hasty reader may be led 
to expect something unusual by way 
of length of service because that 
might have been stated on the label 
or because her attention has been 
called to some fiber or finish ingre- 
dient. Thus, a real part of the labor- 
atory control of quality does depend 
upon the verification of manufactur- 
ers’ claims for the permanence of the 
finish or the effectiveness of the 
added fiber in giving extra life. 

In the non-textile field, the sin of 
over-claiming benefits is much more 
common. Some of these products 
that are in error do concern textiles 
because they are detergents or clean- 


ers which are claimed by the manu- 
facturer to be suitable for any kind 
of textile product. It is not at all un- 
common for the conscientious labor- 
atory to reject many of these pro- 
ducts from the store shelves even 
though they may have great merit 
for certain kinds of application. A 
case in point is a detergent which we 
recently rejected; although it was an 
excellent general utility household 
cleaner, it was very highly alkaline 
and had some added free alkali and 
then when the manufacturer claimed 
on the label that it was suitable for 
any kind of painted wall and even 
suitable for washing of textiles in the 
home washing machine and that it 
“would not damage wool,” we re- 
jected the product because the con- 
sumer would be led to misuse the 
product upon what the manufacturer 
said on his label. 

A primary duty of a store labora- 
tory should be the verification of all 
label claims, especially when there 
is any kind of personal hazard in- 
volved in the use or application of the 
product, and the laboratories must be 
empowered to prevent the sale of the 
product by that retail establishment 
until the labels are properly written 
by the manufacturer. For example, 
there are some highly flammable 
substances such as hair sprays, plas- 
tic covering ingredients, and linole- 
um lacquers which did not carry a 
caution label in spite of their high 
flammability hazard, and we did not 
permit the sale of some of these in- 
dividual products by one retailer un- 
til the manufacturer added a caution 
label to the product or permitted the 
store to stamp “Dangerously Flam- 
mable” manufacturer's 
own copy. 

Thus it will be seen that the tech- 
nologist working in a store labora- 
tory representing the consumer ele- 
ment in the community must be 
armed not only with the standard test 
methods and the agreed-upon de- 
grees of interpretation and rating but 
also must be possessed with a con- 
siderable amount of ingenuity as far 
as improvising appraisal techniques 
methods is concerned. It must be em- 
phasized that every attempt to evalu- 
ate merchandise of the kind I have 
mentioned is from the consumer 
point of view. No amount of pre- 
evaluation that we can carry out will 
completely avoid or prevent custom- 
er complaints, because for every kind 
of consumer use we can forcast, the 
actual consumer can find many more 
ways of straining, misusing, mis- 
cleaning, and otherwise mistreating 
merchandise. A very rea! part of our 
whole program must always be in the 


across the 
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technical evaluation and examination 
of these customer complaints in or- 
der to be sure that the mechandise 
was servicable or whether the con- 
sumer has in some way mistreated 
the item. 


INFORMATION FROM 
CONSUMER COMPLAINTS 


From our own experience based on 
somewhat over 10,000 individual cus- 
tomer complaints in the textile field, 
we have come to the conclusion that 
in roughly 60 percent of the cases the 
consumer has misused the articles 
that have come to our attention. This 
same percentage may or may not be 
found in other store studies because 
these 10,000 and more individual cus- 
tomer complaints are a pre-selected 
group in that they represent the 
problem cases which the store repre- 
sentative and the customer could not 
solve by discussion. Thus, they in- 
volved those cases which could not 
quickly be settled, and we do not 
have any figures on the percentage 
of legitimate versus illegitimate cus- 
tomer complaints settled by various 
departments in the store. 


It must be repeated, however, that 
to approach quality control of de- 
partment store merchandise from the 
point of view of customer complaints 
is a defensive maneuver taken after 
the horse has been stolen from the 
stable. Too often such complaints are 
made too late to be of real bene- 
fit. Occasionally, however, we have 
found that an article that perhaps 
soiled very quickly in the hands of 
the consumer was sent to the laundry 
or the dry cleaner much earlier than 
we would normally expect, and the 
consumer experience has been that 
the article would not clean satisfac- 
torily. When this happens very early, 
it is often possible for us to stop the 
sale of similar merchandise that may 
still be in stock until such time as we 
are able to check in the laboratory 
to find out whether the customer 
mistreated the articles or whether 
it really was not a cleanable item. 


I well remember one case when a 
customer who purchased a suit of 
acetate had it cleaned and the ma- 
terial faded at the shoulders. This 
particular cleaning was done only 
ten days after purchase. The shoul- 
der fading was due to the presence of 
rubber latex in the shoulder pad, and 
we found that a small trace of this 
latex would rapidly fume-fade ace- 
tate when various test fabrics of this 
material were made into soft pillows 
filled with the shoulder pad materi- 
al. The manufacturer was advised 
immediately to substitute another 
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shoulder pad material in his line 
which was then in production for the 
full summer season. It is certain that 
both this manufacturer and his retail 
store customers, to say nothing of 
their customers—the ultimate con- 
sumer—would have suffered very 
much greater financial loss had it not 
been for the more or less accidental 
rapid cleaning of this particular suit 
and a prompt and conscientious com- 
plaint being made by this individual 
consumer, followed by prompt action 
on the part of the store buyer in 
sending the product to the laboratory 
for evaluation. 

The store laboratory has a real 
place in the textile quality control 
picture. It is the only laboratory that 
is concerned with the entire garment 
as it is purchased and as it is going 
to be used by the consumer. A few 
large textile producers have under- 
gone or undertaken some kind of 
control similar to this approach using 
both laboratory test methods and 
field test techniques, but they are 
concerned with their own products 
and, in general, the article that they 
are field testing is one made more or 
less to order for them for the pur- 
pose. The retail store laboratory gets 
the run of the mill production, so to 
speak, and, therefore, our responsi- 
bility is much more for the real con- 
sumer-experience than it is for the 
store’s own buying guidance. 


NEED FOR USE TESTS 


One technique that all of us are in- 
terested in and with which we have 
done very little thus far has been in 
the field or use-test of finished gar- 
ments under controlled conditions or 
by means of completely randomized 
samples. This kind of evaluation is 
difficult to control, to interpret, and 
to finance, but unless it is done we 
must still regard some of our con- 
sumers as being the guinea pigs who 
are doing the comparison testing of 
our laboratory results. In other 
words, perhaps the buyer has sent a 
product out to the laboratory for 
complete examination and analysis 
and testing pricr to purchase. There 
have been times, too, when the sam- 
vle sent to the laboratory for ex- 
amination has been a pre-selected 
quality. 

I remember one case in which we 
had an over-stuffed chair which 
when painstakingly taken apart and 
all elements of construction had been 
thoroughly tested and judged the 
product was approved for sale. A 
short time afterward, a customer 
complained about the poor durability 
of the similar item she had purchased 
in the store. When the customer’s 


complaint merchandise was exam- 
ined, the framework was found to be 
of packing crate quality. Obviously, 
therefore, the manufacturer’s output 
was not of uniform quality, and we 
have since suspected often that their 
samples might be of superior quality 
to their ordinary production. This is 
an example of a product meeting all 
of the laboratory requirements, and 
yet when it is in the hands of the con- 
sumer something begins to go wrong. 
These consumers have been the gui- 
nea pigs by which certain flaws in 
the laboratory control picture have 
been brought out in the open. They 
may be the ones who are responsible 
for upsetting the delicate balance of 
our mobile, our physical structure 
which we have painstakingly drawn 
up in a revised specification in order 
to change or improve some factor 
which was probably in better balance 
to begin with. 

As spotty as its sample may be and 
as incomplete as it undoubtedly is, 
considering the thousand of textile 
products sold in any store, the qual- 
ity control efforts of department store 
laboratories, of mail order house lab- 
oratories, and of the commercial test- 
ing facilities utilized by other stores 
do play a real part in helping our 
customers get their money’s worth in 
the products they buy. When they 
become the consumer or user of the 
article they find that their care and 
use-experience have been simplified 
for them by what the laboratories 
have accomplished through specifica- 
tions and higher standards of quality. 


CONCLUSION 


The picture is still far from com- 
plete and much remains to be done, 
but I believe that the quality control 
as far as consumers are concerned 
rests not a little upon the responsi- 
bility, the knowledge, the experience 
of store laboratory technicians. The 
store buyers themselves must be 
made to realize the importance and 
significance of this to their buying 
habits. They must be taught to use 
such things as a Rayon and Acetate 
Standards and any other similar tex- 
tile standards which may be forth- 
coming. The value of a product is 
based not only how much it costs or 
the effect it has on one’s personal ap- 
pearance, but must always include 
the length of time it retains this ap- 
pearance improvement, the degree to 
which it lives up to the intangible 
and unknown consumer expectation 
of the item, and also the way in 
which it must be cleaned and cared 
for. The quality control program is 
an ever expanding one in every store 
laboratory. 
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THE CASE OF 

THE STOLEN STOCKINGS 

Probability statistics is a strange 
science. It is strange because it has 
a checkered past, its development 
having been associated with gam- 
blers on the one hand and with col- 
lege professors on the other. It is 
strange because, due to its associa- 
tion with gambling casinos and ivory 
towers, it has lain dormant as an 


applied science for over two cen- 
turies. It is strange because even 
though it is a powerful and versatile 
science with revolutionary implica- 
tions for industry and government, 
for research and management, these 
implications have been recognized 


only during the past 30 years. Fin- 
ally it is strange because it removes 
sampling, 
from the 


three common activities 
estimating, and inferring 
area of common sense and intuition 
and puts them on a scientific basis. 

Despite develop- 
ments applied probability statistics 
has not yet received general recog- 
nition; indeed its role is not yet un- 
derstood by any large number of 
specialists or administrators. As an 
illustration of the difficulties en- 
countered in trying to apply proba- 
bility statistics to the problems of 
management, let us consider a story 
which appeared in Nation’s Business 
for April 1952, a which a 
writer of detective fiction might call 
“The case of the stolen stockings.” 

It seems that the owner of a large 
hosiery factory had reason to be- 
lieve that 100,000 dozen pairs of 
nylon hose, worth about a million 
dollars, vanishing 
plant every year. He hired detec- 
tives, put automatic recording de- 
vices on the machines, had foremen 
quizzed, but could discover nothing. 
Finally he called in a firm of con- 
sulting psychologists, apparently be- 
lieving that they, as specialists in 
human relations, could find what 
the others had missed 

The psychologists came. They set 
up motion picture cameras and tape 
recorders. They studied films and 
records. Still nothing significant 
could be discovered. Finally one of 
the psychologists began to ask 
questions about how certain figures 
were obtained. This questioning 
marked the turning point in the case 
because it eventually revealed the 
origin of the inference that the hose 
were being stolen 


these recent 


story 


were from his 
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Briefly the facts in this case were 
the following: Management based its 
anticipated annual output on a tes! 
run in which one of the better ma- 
chine operators made a number of 
sample stockings. Apparently this 
operator used about the same amount 
of material, 207 grains, for each 
stocking, so that this figure was 
used to estimate the number of pairs 
of hose to be expected from the stock 
of yarn purchased during the year. 
It was thought also that since semi- 
automatic machines were being used, 
there would be no variation in this 
value of 207. Rough tests made by 
the psychologist in the factory 
showed however that there was not 
only variation in this value of 207, 
but that the best operators tended 
to use less yarn than did the poorest 
Hence the velue of 207 
Actually the 
psychologists showed later that there 
were about 50 ways in which the 
operator could affect the quality of 
the product from this semiautomatic 


operators 
was much too low 


machine 

These facts showed what had hap- 
pened. The estimate of yarn per 
pair of hose was biased; it was much 
too low. This meant that the esti- 
mated amount of annual production 
from a given stock of yarn was much 
too high. The answer was clear: a 
million dollar's worth of hose had 
not been stolen; they had never 
been made! The million dollars was 
the added cost that the owner had 
to accept because the average per- 
formance of all of his machine oper- 
ators was not as high as that of the 
girl who had made the sample 
stockings 

This example illustrates several 
significant but common situations 
The solution to this problem was 
neither legal no psychological; it was 
statistical. The nature of the diffi- 
culty was discovered more or less 
accidentally. It is very difficult for 
management and nonstatistical per- 
sonnel to recognize a statistical prob- 
lem, or the statistical aspects of a 
problem. Neither the foreman nor 
the higher level administrators un- 
derstood the concept of variability 
as it applied to estimates, measure- 
ments, machine operations, and hu- 


*This is a revision of a paper presented at 
a meeting of the Boston Section of ASQC 
January 13, 1954 

The statements made herein are those of 
the author and are not to be taken as official 
pronouncements of the Internal Revenue 
Service 


man performance, nor the relation 
of sampling to this variability. Ex- 
intuition, and 
solution to this 


perience, common 
sense offered no 
problem; what was required was a 
knowledge of the principles of sam- 
pling, estimation, experimentation, 
and inference. Such a solution would 
have been a routine matter for the 
experienced applied probability stat- 
istician. He would have 
mended at least three changes: the 
use of a designed experiment to ob- 
tain unbiased estimates of material 
consumption per unit of product ob- 
tained; the use of statistical quality 
control charts for the purpose of 
controlling the consumption per unit 
of product for each of the machine 
operators; and the use of the corre- 


recom- 


lation between yarn input and the 
hose output as an additional method 
of control—in other words, the use 
of input-output analysis 


CAN PROBABILITY STATISTICS 
BE APPLIED TO ACCOUNTING? 

In the example just cited one may 
wonder why the owner did not call 
in an accountant since money losses 
appeared to be involved; one pos- 
sible reason may be found in his 
strong feeling that the cause was 
theft while the other may be that he 
was as unfamiliar with cost account- 
ing as he was with probability statis- 
tics. 

It is easy to see, however, that if 
the accountant had based his esti- 
mates of costs on the production de- 
partment’s sample runs he would 
have been a victim of the biased 
sample, the same as the others were 
This brings us to the question as 
to just what is the relation of proba- 
bility statistics to accounting. As a 
point of departure we shall cite and 
discuss four statements made by 
accountants and auditors relative to 
the role of probability statistics in 
accounting. This seems appropri- 
ate in view of the misunderstanding 
which exists relative to the appli- 
cability of probability statistics 

In discussing the application of 
probability sampling to the test 
check of the independent auditor, 
Kohler makes the following state- 
ment:* 


*E. L. Kohler, Auditing—An introduction 
Prentice Hall, New York, 1947, p. 9. Kohler 
has edited “A Dictionary for Accountants” 
(Prentice Hall, 1952), a dictionary which 
contains many basic concepts and methods 
of modern probability statistics. The quota- 
tion should be interpreted with this in mind 
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Examinations of accounts are, for 
the most part, dependent for their 
effectiveness on sampling or testing. 
From the meaning and accuracy 
of a number of entries in an ac- 
count, the meaning and accuracy 
of the whole account are judged. 
When errors and other irregulari- 
ties are discovered, a more thor- 
ough examination is required. 
Sampling skills are not easy to 
acquire. They cannot, for the most 
part, be based on the mathematics 
of statistics; the “universe” (or 
population) from which the ac- 

countant samples is too intricate 

and unstable, and it is generally 
impossible to determine relevant 
possibilities in advance. 

The first two sentences in the fore- 
going quotation are a good statement 
of the role of sampling in auditing 
providing by 


financial accounts, 


“sampling” that we mean “proba- 


bility sampling.” For if we use 
probability sampling we know pre- 
cisely the risk which we are taking, 
due to sampling, when we infer the 
meaning and accuracy of the whole 
account from the data which we ob- 
tain from the sample. If we use 
“judgment” sampling we do not 
know what this risk is, nor how to 
make estimates from the sample to 
the population.* 

The statement that sampling can- 
not be based upon probability be- 
cause the population or universe is 
too intricate or unstable is not borne 
out by the facts. The author indi- 
cates that the sample is to be used to 
judge the meaning and accuracy of 
the “whole account.” Actually the 
“whole account” is the universe or 
population as the context clearly 
shows 

The belief that their subject mat- 
ter is too intricate and unstable to be 
amenable to probability statistics is 
not uncommon among _ specialists, 
experts, and administrators. The 
economist thinks the economy is too 
complicated, the biologist thinks the 
human organism is too unstable, the 
sociologist thinks human organiza- 
tion is too complex to warrant any 
valid applications of probability sta- 
tistics. The business man often thinks 
the same way; “statistical quality 
control may be applicable to some- 
one else’s problems but it is not 
applicable to mine; my problems are 
different.” The chemical mantfac- 
turer says that statistical quality 
control may be applicable to mass 

*A judgment sample is one in which the 
sample units are selected on the basis of 
personal judgment or choice rather than by 
a random process; herice the principles of 
sampling, estimation, and inference based 
upon random or probability selection are 
not applicable to it. Judgment samples are 
usually selected on the basis of what units 
or elements one thinks are typical or rep- 


resentative; e.g.. accounts transacted during 
a typical month 
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production industries but it is not 
applicable to batch production nor to 
continuous process manufacturing. 

Yet for over two decades we have 
been applying probability statistics 
to the problems of economics, biol- 
ogy and sociology. We have been 
applying it to problems of business 
and manufacturing and to chemical 
processes. And in a few isolated spots 
we have been applying it to the 
problems of accounting, taxation, 
and finance. 

In this same connection consider 
another statement made by a certi- 
fied public accountant:* 

Until vastly more information is 
available and until it is carefully 
analyzed from statistical as well 
as auditing points of view, public 
accountants can hardly expect io 
be able to put statisticians to work 
designing samples. Prior to that 
step there must be a codification 
and analysis of present criteria in 
the selection of audit samples and 
the drawing of inferences from 
them. 

Serious and widespread research 
in this important matter should be 
undertaken by the accounting pro- 
fession. Such research would 
consist, in the early stages, princi- 
pally of organization and analysis 
of the facts disclosed by working 
papers of past and current engage- 
men‘s. Only after such explora- 
tory work is carried out can there 
be serious and fruitful considera- 
tion of the general application of 
statistically designed samples to 
audit test-check problems. 

This position does not take into 
consideration a number of important 
points which are characteristic of 
applied probability sampling. Effici- 
ent sample design requires know- 
ledge of certain characteristics and 
risks, such as means, variances, fre- 
quencies of occurrence, and the di- 
rection and magnitude of errors. This 
knowledge can be obtained best from 
probability samples rather than from 
working papers and other data which 
are derived from judgment samples 
subject to unknown sources of bias 
It is quite likely that much of the 
information and analysis mentioned 
in the quotation, will be of little or 
no value in designing probability 
samples. 

Fortunately probability sampling 
can begin without the accumulation 
or analysis of large masses of infor- 
mation; the necessary knowledge is 
accumulated as we go along and this 
knowledge can be used as the basis 
for an improved sample design. 
Deeper study is needed in applying 
probability statistics to accounting, 

*Robert W. Johnson, “Statistical Tech- 
niques for Auditing Need Deeper Study,” 


The Journal of Accountancy, September 
1953, pp. 336-340 


but study and research and analysis 
are not going to be fruitful until 
accountants and applied probability 
statisticians get together, discuss 
these problems, and actually test 
probability methods in auditing 
practice. 

It should be emphasized that the 
characteristics of financial trans- 
actions and records as met in ac- 
counting offer no serious logical or 
technical obstacles to the application 
of probability statistics. The fact 
that a characteristic may exist in a 
heterogeneous state, that it may 
have a highly skewed frequency dis- 
tribution, that it may occur rarely or 
sporadically, that it may vary with 
time, that it may be associated with a 
process, that it may be dominated by 
human rather than by machine ac- 
tivity, that it may occur in varying 
proportions, that it may appear to be 
unstable or intangible—is nothing 
new to the experienced probability 
sampler. Indeed, the technical prob- 
lems encountered in the field of ac- 
counting are similar to those found 
in other and widely divergent fields 

The accountant has to make an in- 
ference about a finite number of 
business transactions conducted dur- 
ing a fixed period of time such as 
one year. The population or universe 
which he samples may take one of 
many different forms. It may be 
books, or pages within books, or 
items on a page. It may be pieces of 
paper such as_ invoices, checks, 
vouchers, bills. It may be record 
cards such as are contained in an 
index file or a punch card file. In a 
large business it may even be de- 
partments, stores, or warehouses. It 
may be physical assets in one form 
or another. In a company engaged 
in mining or selling precious ores, 
the accountant may be very much 
interested in how these ores are 
sampled and tested. In all of these 
situations a population or universe 
does exist, it can be defined, it can 
be circumscribed, and it can be 
sampled according to the principles 
of probability statistics. 

Let us consider another aspect of 
the problem which is suggested by 
the following statement issued by 
the American Institute of Account- 
ants:* 

The extent of testing in any audit 
is decided by the CPA in the light 
of his best independent judgment 
as to the amount required to consti- 
tute a fair sampling of the record 
being tested. In deciding upon the 
character of the tests to be made, 
and the extent to which they should 
be applied, one of the most impor- 
*American Institute of Accountants, “Au- 


dits by Certified Public Accountants,”” New 
York, 1950, p. 23 





tant factors taken into considera- 
tion is the system of internal con- 
trol. When evidence exists that 
the system is effective, the CPA 
properly concludes that the ac- 
counting records and supporting 
data have a higher degree of de- 
pendability than would otherwise 
be the case, and limits his test- 
ing accordingly. However, when 
his investigation shows that the 
system has points of weakness, he 
extends the scope of his testing. 
If the internal control is consid- 
ered grossly inadequate or ineffec- 
tive, he may feel compelled to re- 
view the entries in considerable 
detail before he can express an 
informed opinion on the financial 
statements 
Two comments are in order. Ac- 
cording to this statement, if the 
accountant judges internal control 
to be good, he uses a small sample; 
if he judges it to be weak he uses 
a larger sample. This practice rele- 
gates sampling to the minor role of 
verifying a decision which has al- 
ready been made. From the view- 
point of probability statistics this is 
putting the cart before the horse 
Probability statistics, in the form of 
principles of sampling and estima- 
tion and inference, can be employed 
to obtain evidence which in itself 
can be used to appraise whether con- 


trol is adequate or not. Furthermore 


the size of the sample can be based 
upon objective considerations, such 


as the variability of characteristics, 
the frequency of occurrence of 
errors, the magnitude of a difference, 
and the amount of sampling error 
that can be tolerated. 

Actually the rule cited is not con- 
sistent with sampling principles—if 
internal control is very bad and the 
error rate is high in the several 
transactions it will require only a 
relatively small sample to detect this; 
on the other hand if the system of 
control is very good and errors are 
rare it will require a very large 
sample to detect one of these errors 

Finally we wish to emphasize the 
need for correcting certain notions 
about sampling which appear to be 
held in the fields of auditing and 
accounting. In the majority report of 
a subcommittee of the American So- 
ciety of Mechanical Engineers, made 
in 1912, we find the following state- 
ment:* 

Persons having time and notion 
study in charge should possess that 
rare, intuitive human quality that 
causes the possessor to know when 
enough observations have been 
collected to form a sound working 
conclusion 
*C. B. Thompson, editor. Scientific Man- 


agement Harvard University Press, Cam- 
bridge, 1914, p. 168 
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However, in a book on industrial 
internal auditing published about 40 
years later (in 1951) we find the 
following statement:* 

This (the appropriate degree of 
test checking) is a subject which 
has received a considerable amount 
of treatment in public accounting 
articles and which is equally ap- 
plicable to internal auditing. Un- 
fortunately, however, no one has 
yet formulated any satisfactory 
substitute for the judgment of an 
experienced auditor, who through 
years of experience has gradually 
developed a “sense of touch” in this 
respect. 

Today we do not have to rely upon 
an elusive something called “sense of 
touch,” nor upon some “rare, intui- 
tive human quality,” in order to de- 
termine how large a sample of ob- 
servations to take; we can use the 
principles of probability statistics 
applied to sample design. This does 
not mean, of course, that the experi- 
enced specialist cannot be of help in 
the design of a probability sample 
he can often contribute useful 
knowledge about sources of varia- 
tion, range of values, and certain 
difficulties involved in trying to 
sample the population. 


PROBABILITY STATISTICS AP- 
PLIED TO INTERNAL CONTROL 


A probability sample need not be 
limited to the periodic test check of 
the independent auditor; it can be 
applied to various types of internal 
control problems by accountants and 
controllers and. statisticians em- 
ployed by the business. This latter 
approach is much more effective be- 
cause it is direct, immediate, and 
continuous. When continuous prob- 
ability controls are placed on key 
operations, such as those associated 
with accounts receivable, payrolls, 
and inventory, trouble in these oper- 
ations and errors made by key per- 
sonnel are detected rather quickly 
so that they can be corrected at once; 
it is unnecessary to wait for an an- 
nual audit to reveal them. 

Probability statistics is a “natural” 
for purposes of internal control. By 
means of sampling, estimation, ex- 
perimental design, and _ inference 
based upon probability, this science 
provides the maximum amount of 
high quality data at a minimum cost, 
it provides ways of detecting many 
kinds of trouble, it provides a meth- 
od of appraisal, and a method of im- 
provement. Furthermore it can be 
applied to practically every major 
division and operation in the organi- 
zation whether it is research and de- 

*W. A. Walker and W. R. Davies. Indus- 


trial Internal Auditing. McGraw Hill, New 
York, 1951, p. 491 


production, inspection, 
purchasing, sales, accounting, fi- 
nance, or legal. Statistical quality 
control charts in preduction and 
sampling inspection in receiving are 
but two of many statistical methods 
which can be used for internal con- 
trol purposes 

Consider the application of proba- 
bility statistics to cost accounting, a 
form of internal control. Since so- 
called identical products are not 
identical but contain varying 
amounts of raw materials, require 
varying amounts of labor, and re- 
quire varying amounts of machine 
time, it is clear that the unit costs 
of such products are not identical. 
This means that cost per article must 
be some kind of average cost. In 
order to obtain an average cost that 
is valid and meaningful it must be 
based upon sound methods of sam- 
pling, testing and estimating. The 
cost of a product, like a physical 
characteristic, cannot be safely pre- 
dicted unless the process of produc- 
tion is under statistical control. For 
unless this control exists there is no 
stability to the behavior which we 
are trying to predict so that esti- 
mates are merely guesses and infer- 


velopment, 


ences are merely conjectures. 

The cost accountant uses data de- 
rived from time and motion studies; 
these involve sampling and estima- 
tion and experimental design. He 
may run tests himself relative to 
unit costs; this also calls for the de- 
sign of a test or experiment. He cor- 
relates characteristics; this calls for 
the use of regression analysis. He 
interprets differences and variations; 
this calls for the use of statistical 
tests of control 
limits. 

The cost accountant deals with 
labor costs which are related to 
such statistical problems as learning 
curves, worker variability, sampling 
inspection, statistical control charts, 
error rates, and productivity analy- 
sis. He deals with material costs 
which are related to such statistical 
problems as_ dimension control, 
capability studies, receiving inspec- 
tion, materials research, input-out- 
put analysis, vendor certification of 
statistical quality control, waste con- 
trol, and container analysis. 


AN EXAMPLE: THE CONFIRMA- 
TION OF ACCOUNTS 
RECEIVABLE 

In order to illustrate current prac- 
tice of sampling and interpretation of 
data obtained by the independent 
auditor in circularizing accounts re- 
ceivable, the following description is 
quoted from a book on auditing:* 

*Kohler, op. cit. p. 92 


significance and 
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In a few cases the whole customer 
list, including even those whose ac- 
counts show no balances at the 
year end, is circularized; but the 
testing principle is usually fol- 
lowed. This involves selecting the 
largest accounts that collectively 
will total say one-half of the dollar 
amount outstanding, and picking 
at random another ten percent or 
more of the balance, making sure 
that samples are selected from each 
class of customers. .. . An answer 
cannot be expected from every re- 
quest sent out; but if favorable 
replies are received from at Jeast 
one-half (under the first method) 
or unfavorable replies from not 
more than one percent (under 
either method), the propriety of 
the balance may be assumed. 

In this situation neither the size of 
the sample nor the amount of the 
risk to be taken need be set in ar- 
bitrary terms; they can be based 
upon the application of probability 
sampling. The sampling of large ac- 
counts 100 percent and the use of a 
stratification of the various classes 
of customers are sound sampling 
procedures; however the use of a ten 
percent sample may be too large, 
yr too small, depending upon what is 
being estimated, while the bias which 
is introduced by the nonrespondents 
to mail inquiries may be very seri- 
ous. The recommended sampling 
practice in this latter case is to take 
a small random sample of the non- 


respondents and to correct the bias 


in this way 

Nothing will be gained by using 
probability methods in part of the 
test and abandoning them in the 
later parts of the study; it is just as 
important to use probability methods 
to estimate characteristics and to 
interpret the data as it is to use 
probability sampling methods in the 
collection phase. Indeed the value 
of the latter is lost unless full advan- 
tage is taken of the former. 

Consider a large public utility 
company which has 50,000 accounts 
receivable and about half with un- 
paid balances. In a book for certified 
public accountants it is asserted that 
a sample of a “few hundred” ac- 
counts will be adequate to test the 
adequacy of internal control. 
Whether a sample of this size is ade- 
quate or not depends upon what one 
is trying to do with the sample. 


AN EXAMPLE: THE AGING OF 
ACCOUNTS RECEIVABLE 


A good example of the application 
of probability statistics to a problem 
in accounting is found in a recent 
paper by Trueblood and Cyert on the 
use of probability sampling for the 
purpose of aging the 100,000 ac- 
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counts receivable in a large depart- 
ment store.” 

“Aging” means that the total 
amount of accounts receivable is dis- 
tributed according to the age of the 
account, a loss factor based upon 
past experience is applied to each age 
group, and these losses summed over 
all age groups in order to find the 
total amount  uncollectible. The 
problem is to get an adequate esti- 
mate of this latter quantity. 

The method used in this store was 
to draw a 15 percent sample of the 
500 trays containing 200 accounts 
each, for a total sample of 15,000 
accounts. All accounts exceeding 
$2500 were included. Then the ac- 
counts were “aged.” After this was 
done the public accountant audited 
a ten percent sample of these 15,000 
accounts, or 1,500 accounts in order 
to determine whether they were aged 
properly 

Both of these procedures were 
modified. A random sample of 85 
trays was drawn, and then every 
10th account within each tray was 
selected to give a sample of 1,700. 
Accounts over $2,500 were still in- 
cluded 100 percent. It was found that 
this greatly reduced sample would 
meet the specifications required by 
the accountants. The random sample 
of 1,700 appears to be about that 
given by the following specification 
for an unrestricted random sample: 
probability level of 95 percent, two 
percent error in the mean to be 
estimated, and a coefficient of varia- 
tion of 0.41 for the accounts re- 
ceivable distribution: 


a= (25) 1681 
0 


The sampling error in the grand 
mean will be less than two percent 
when the 100 percent sample portion 
is combined with the sampled por- 
tion. 

A sequential sampling plan was 
used to test the quality of the work 
done on the sample. The specifica- 
tions set by the public accountants 
are as follows: 

p, = .03, po = .08, a = .10, and 6 = .05. 
These values are of special interest 
because they show what risks the 
public accountant is willing to take 
in a problem of this type. Stated in 
words these specifications mean that 
in a problem of this kind the ac- 
countant is willing to take the risk 
of rejecting work with a three per- 
cent error ten percent of the time, 
and the risk of accepting work with 

*R. M. Trueblood and R. M. Cyert, “Statis- 

tical sampling applied to aging of accounts 


receivable.” The Journal of Accountancy, 
March, 1954, pp. 293-298. 


an eight percent error rate five per- 
cent of the time. 

This sampling plan results in a de- 
cision with an average sample size 
of 126, and even if the plan is ap- 
plied to individual clerk control 
rather than for the purpose of gen- 
eral control, it still would require in 
general less sampling than the ortho- 
dox method of using a ten percent 
sample. It should be noted that the 
sample size depends upon the quality 
of the work submitted by the clerks, 
and could be much less than 123. 

Additional aspects of this problem 
which might warrant further in- 
vestigation are the following: the 
possibility of using more stratifica- 
tion and reducing the sample size 
still further; this involves balancing 
costs since we can spend more on re- 
ducing the sample than the reduction 
is worth. The error introduced by 
using loss ratios not carefully de- 
termined may be much more than 
the error due to the sample of 1,700. 
Finally there is the problem of 
whether the public accountant needs 
to go into process control (that is 
reaching a decision about the work 
of every clerk) or whether an over- 
all test is sufficient. 


AN EXAMPLE: THE CONTROL 
OF PAYROLLS 


In a publication on auditing pro- 
cedures issued by the American In- 
stitute of Accountants,* two cases 
are cited relative to fraud in pay- 
rolls, one in which the payroll clerk 
was in collusion with about 50 work- 
ers who paid him a commission on 
padded payroll amounts, the other 
in which a clerk took advantage of a 
rounding practice in connection with 
payrolls in order to pick up some 
petty cash. These examples suggest 
that sampling inspection techniques 
applied to payroll entries could be 
used to deter such practices, if not 
prevent them. 

The following procedure might be 
used in connection with payrolls. 
After each payroll is prepared, the 
personnel are grouped on some sig- 
nificant basis such as salaries and 
wages, and within wages according 
to department, occupation, etc. With- 
in each of these strata a small ran- 
dom sample is drawn. Then a care- 
ful examination is made of the basic 
payroll data for each of the names 
drawn: Time actually worked, rate 
of pay, premium pay if any, various 
deductions if any, leave if any, and 
other pertinent items. From these 
data estimates are made and infer- 
ences drawn. 

*American Institute of Accountants, “‘Pa- 


pers on Auditing Procedure,” New York, 
1939, p. 108 





It is recommended that in the be- 
ginning a straightforward stratified 
random sample be used in order 
to obtain estimates cf the vari- 
ous characteristics. Later it may be 
possible to use a more sophisticated 
sampling plan, such as sequential 
sampling. In any event under a 
probability sampling plan, it would 
not be possible for collusion with 50 
workers to remain undetected very 
long. Actually the very existence of 
such a current sampling audit sys- 
tem might deter a clerk from at- 
tempting to pad the payroll. Obvi- 
ously such an audit system should 
be made independently of the pay- 
roll staff but they should be aware 
that such a current system of control 
is being used. Indeed it might be 
possible to adopt a system used by 
Alden’s of Chicago in which large 
wall charts show the trend of the 
error rate performed by a given de- 
partment or section. It is reported 
that some concerns are going even 
further and rewarding with bonuses 
or other compensation, 
workers or groups of workers who 
maintain a lower rate of error (a 
higher level of quality) than some 
reasonable level 

So far as possible, sampling should 
be applied separately to the work 
of each key individual rather than 
to the aggregate of the work of sev- 
eral individuals. The reason is obvi- 
ous: It allows better control over 
the individual ani makes it possible 
to quickly find the source of error 
and take remedial steps to reduce or 
to eliminate it. On the other hand, 
where sampling is from a conglom- 
erate of the work of many individu- 
als it may be difficult to pinpoint 
trouble, so that any remedial work 
must be of the shotgun variety. 


types of 


In this cennection it is possible 
to determine how large a random 
sample is necessary in order to de- 
tect a condition of this kind. Assume 
that there are 1,000 workers on the 
payroll, that it is prepared weekly, 
and that the clerk has padded the 
wages of 50 workers. Let us answer 
this question: What is the probability 
that a random sample of 40 names 
taken independently every payday 
will detect this practice of padding 
by the end of three weeks? It is 
assumed that the practice is de- 
tected if one case is found in the 
sample. What we have is a random 
sample of 120, over three weeks, 
and a probability of occurrence of 
five percent (50/1000); hence the 
probability of getting at least one 
of these 50 names at the end of one 
week is 1-.95*" or .87, at the end of 
two weeks it is 1-.95*° or .98, while 
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at the end of three weeks it is 
1-.95'*" or .$94. Put another way 
this means that the probability of a 
complete miss is 1 in 8 for one week, 
1 in 50 for two weeks, and 1 in 167 in 
three weeks. 

If the sample is stratified by occu- 
pation, shift, size of wage, and other 
factors which might correlate with 
payroll padding, it would be possible 
to detect such practices with smaller 
samples. 

Even in the case of rounding dif- 
ferences which were used as a means 
of petty stealing, it would be possible 
for probability sampling to detect 
this practice sooner or later. In the 
case cited the clerk would enter 
an actual amount of $25.62 as $25.63. 
Under the rounding rule he would 
raise this to $25.65 and collect this 
amount of money, but actually pay 
the worker $25.60, pocketing the 
nickel difference. Since this is a 
bias of five cents, a sample would 
detect this very quickly if the bias 
applied to many workers since such 
errors are not likely to occur very 
often by chance. 

Assume that this practice applied 
to 100 workers out of a total of 5,000. 
How large a random sample of the 
payroll is required in order to insure 
a probability of 0.99 that at least one 
of these changes is detected? If we 
solve the equation 1-.98" 0.99 for 
n we obtain 228 which is the size of 
the randcm sample required. 


AN EXAMPLE: THE CONTROL 
OF INVENTORY 


Consider the problem of maintain- 
ing control over the inventory of a 
grocery chain which operated over 
800 stores. A central warehouse con- 
trolled the inventory of each store by 
the retail method of charging the 
store with the selling price of goods 
shipped and of crediting it with sales. 
The method used was that of com- 
paring the value of the inventory as 
revealed by a physical check with 
the value of the store’s inventory 
account in the central office. The 
practice followed was that of using 
inventory crews to make three in- 
ventories a year in addition to the 
regular end-of-year inventory. “If a 
large shortage or overage developed, 
further investigation was made.” 

The difference between the book 
value and the physical inventory 
value is subject to four major sources 
of error: the book figure itself may 
be in error, there may be a bias in 
taking the physical inventory, there 
may be an error in estimating the 
amount of store loss due to spoilage 

*American Institute of Accountants, “Cod- 


ification of statements on auditing proce- 
dure,” 1951, pp. 35-37 


and damage and the like, and there 
may be stealing or otherwise a di- 
verting of merchandise. Clearly the 
first three sources have to be care- 
fully controlled if the fourth source 
is to be detected, or otherwise this 
confounded with 
other sources of error. This is par- 
ticularly true if the order of magni- 
tude of this last factor is about the 
same order of magnitude as that of 
the other sources of error. In other 
words, whether we get adequate 
control or not depends upon whether 
we eliminate the first three sources 


source will be 


of error. 

In this chain over 2,400 physical 
inventories are made annually in 
additicn to the end-of-year inven- 
tory. It seems likely that as good 
or even better control could be ob- 
tained by using probability sampling 
methods; one such method might be 
the following: 

1. Divide the stores into 49 groups, 

with the largest stores in one 
group, the suspect stores if any 
in another group, and all other 
stores stratified by size of in- 
ventory. 
Draw five stores at random from 
each of the 38 groups; take all 
stores in the large and sus- 
pect groups 

. Do a careful physical inventory 
of these sample stores. 
Estimate total inventory value 
of each group, and compute the 
difference between this value 
and the book value of that 
group; do the same for the in- 
ventory of all stores. 

5. Test whether the difference for 
each group, as well as for the 
total, is outside tolerance limits 
set on a probability basis. 

If a group value is within the 
limits accept the group, if not 
within the limits do a physical 
inventory on the remaining 15 
stores in the group. 

Keep control charts on 
group of stores as well as on 


each 


all stores as a group 

. Make this test five times per 
year. 

. Samples can be drawn so that 
every store is selected at least 
once per year. 

The foregoing plan requires as a 
basis for its success, a very care- 
ful control over the first three 
sources of error given above. Due to 
the fact that a smaller total number 
of physical inventories can be taken 
each year under a sampling system, 
a much more careful job can be done 
on each inventory. Furthermore, it 
is necessary to keep careful records 
of the losses due to damage and 
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spoilage so that a correct adjustment 
can be made for elements 
Finally the book figures must be 
carefully checked. When this is done, 
the error in the difference found is 
factors—the 


these 


due primarily to two 
random variation due to sampling 
which can be calculated, and the bias 
due to the fourth factor which we 
are trying to detect. Under these 
conditions when a sample point (de- 
rived from a random sample of five 
stores) falls outside the probability 
limits, it indicates that the fourth fac- 
tor is operating. 

The proposed sampling plan calls 
for about 1,000 inventories per year 
instead of 2,400. Stratified random 
sampling makes it possible to exert 
control through groups as well as to 
obtain adequate estimates of popula- 
with the minimum 
In this method 


tion values 
amount of sampling 
not only is every store subject to 
control through the group five times 
per year on a sampling basis, but is 
subject to direct control at least once 
per year. All this is in addition to 
the end-of-year physical inventory. 

In an actual case the independent 
auditors took a judgment sample of 
eight stores as a basis for testing 
the inventorying of 200 variety 
stores. If a random sample of eight 
stores had been selected from the 
290, what is the probability that a 
wrong decision would be made if ten 


percent of the stores had a defective 
internal control system? If the per- 
30 percent? 
The results are summarized below: 


cent was 20 percent? 


Probability 
that a sample 
of 8 will lead 

to approval 


Percent of Number 
stores with with 
poor poor 

control contro! 


10 20 A3 
20 40 13 
30 60 06 


What this shows is that a large 
risk is assumed in trying to reach 
a decision on the basis of a random 
sample of only eight stores. For 
example, if 20 of these 200 stores 
have defective systems of control 
about 43 percent of the time on the 
basis of a random sample of eight 
stores, the conclusion will be reached 
that control within the 200 stores is 
adequate. 


SOME EXAMPLES: THE 

CONTROL OF COSTS 
Cost accounting is concerned with 
both quality control and with quan- 
tity control. It is concerned with 
quality control because its aim is to 
obtain a high quality product at 
the lowest cost, and it is concerned 
with quantity control in order to 
protect the assets of the ccmpany 
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and to minimize the consumption of 
production factors for a given amount 
of output. Since probability statistics 
can be applied to both quality and 
quantity control, it has a wide field 
of application in the field of cost 
accounting. We shall cite three 
examples. 

In setting standards for materials 
use, the problem arises of determin- 
ing the average amount of material 
per unit of product. The amount of 
nylon yarn per pair of nylon hose, 
already cited, is a case in point. In a 
book of standard costs* this problem 
is illustrated by reference to the 
amount of paint required per body 
of a toy express wagon. It was sug- 


apply the method of partial regres- 
sion to the data. 

Another cost problem where prob- 
ability statistics can be used to good 
advantage is that of estimating and 
controlling various types of wastes 
and losses. Noble has described, for 
example, how statistical quality con- 
trol metheds can be used for con- 
trolling waste in the paper manu- 
facturing industry.* The specific 
problem was one in which the cost 
accountant was asked to set up a 
system of controlling waste in a 
certain department converting rolls 
of paper into sheets. The data re- 
corded for three shifts for a period 
of ten days were as follows: 


Days 


Shift 1 3 5 
A 89 112 121 75 
B 99 108 106 ;. 2 
C 115 132° 103 81 

Sum 303 352 330 235 


gested that an operator be instructed 
to use a spray gun for a specified 
length of time on each body accord- 
ing to instructions given by the time 
study man. A run of 30 bodies is 
made and the total amount of paint 
calculated. From ,this figure the 
average amount of paint per wagon 
is obtained. It is stated that condi- 
tions must be at the best attainable 
level in order for this test to be valid 


In this type of problem where we 
are trying to determine the amount 
of material required per unit of 
product, it may be necessary to 
make these quickie tests. However, 
if one wants high quality informa- 
tion, wants to determine the best 
obtainable levels, wants to measure 
the influence of major variables, 
wants to maximize the information 
at the minimum cost, it is necessary 
to design an experiment and inter- 
pret the data on a probability basis. 


Consider another problem* where 
the cost accountant wants to find out 
the amount of compressed air re- 
quired to produce an acceptable 
finish in a minimum time by using 
shot blast for cleaning castings. In 
this problem the amount of air used 
is a function of several variables in- 
cluding air pressure, the size of the 
shot used, the degree of finish de- 
sired, the type of nozzle used, and 
the location of the nozzle relative to 
the work. In order to determine this 
relationship so that an optimum situ- 
ation can be maintained, it is neces- 
sary to design an experiment and to 

*S. B. Henrici, Standard Costs for Manu- 


facturing. McGraw Hill, New York, 1953 
Second edition pp. 95-128 


6 7 9 10 Sum 


86 123 98 97 988 
105 106 100 83 114 1,017 
93 105 114 87 124 1,052 


284 334 312 266 335 3,057 


An analysis of variance shows that 
these data indicate a state of control 
existed. 

What these data show is that the 
waste produced in this department 
is a variable and not a constant, and 
if it is controlled, cost, like produc- 
tion, will fluctuate about an average 
value in an approximate randcm 
fashion, the extent of which can be 
calculated. 


SUMMARY 


General accountants, cost account- 
ants, independent auditors, and in- 
ternal auditors are faced with num- 
erous problems which can be solved 
by means of probability statistics. 
This science provides a specific and 
effective modus operandi for im- 
provement: first it provides a way of 
determining the current situation, 
second it provides a way of deter- 
mining materials and machine and 
process capabilities, third it provides 
a way of controlling many opera- 
tions, and fourth it provides a meth- 
od of appraising various materials 
and methods and processes. Two 
broad implications may be men- 
tioned. Accounting, auditing, and 
internal control methods generally 
need to be reconsidered in view of 
this science. Finally in order to ob- 
tain the maximum benefit from prob- 
ability statistics it is necessary to 
have much more cooperation than 
now exists between accountants and 
auditors on the one hand and prob- 
ability statisticians on the other. 


*Carl Noble, “Statistical Cost Control! in 
the Paper Industry.” Industrial Quolity Con- 
trol, Vol. IX, No. 6, May 1953; p 





Quality Control—A Top Aid to Top Management 


MAJOR GENERAL LESLIE E. SIMON 


CHARLES A. BICKING 


Office, Chief of Ordnance, Washington, D. C. 


INTRODUCTION 


Statistical quality control is basic- 
ally a production tool. Ordinarily, 
it would be expected to cause as 
little flurry in top management as 
any other innovation in the factory. 
However, it has caught the eye of 
top management and is bound to 
attract continuing attention because 
it is a powerful aid in the decision 
making process. Decisions are the 
product cf management and the 
quality con‘rol approach makes de- 
cision easier and of more certain 
quality. All kinds of management 
decisions are affected, often in un- 
expected ways. 


AN UNEXPECTED AID TO 
DECISION 


Consider, for example, the prob- 
lem of how to interpret and react 
to the record of safety in many di- 
versified operations. There can be 
no argument, of course, that any 
accident is deplorable and that de- 
termined and _ systematic effort 
should be made to eliminate 
needless suffering and expense. 
However, although it can be shown 
that a well-considered safety pro- 
gram will decrease the accident rate, 
there is a calculable probabili:, for 
a given situation that an accident 
will occur in the future. This is 
based on what is known by the actu- 
aries as “experience.” The fact has 
to be accepted, since we are dealing 
with fallible humans, that some acci- 
dent experience must be expected. 

It is desirable that, however re- 
sults are grouped, the accident rate 
be small and that it diminish or be 
minimized. Upon looking at the 
records of several installations how- 
ever, it becomes apparent that all 
rates are not equally small and that 
the same installation may have 
varying success in minimizing ac- 
cidents at different times. The logi- 
cal way to make orderly progress 
toward lower and lower accident 
rates throughout an organization 
like Ordnance, is to put emphasis 
on the safety programs in instal- 
lations where the experience rate is 
significantly higher than the over- 
all average. This is an application 
of a basic quality control concept 
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that attention should be given to 
exceptional sources of variability. 
As long as a low, uniform level is 
experienced throughout the organ- 
ization, the continuing effort to pro- 
mote safety may be spread evenly 
across the board. But when the 
probability becomes high for one 
or more installations that the acci- 
dent rate experienced would not 
have occurred as the result of the 
usual fluctuations, additional em- 
phasis should be put on the safety 
programs at those particular instal- 
lations. It often is found that an as- 
signable cause exists, such as laxity 
in promoting the program, addition 
of new, incompletely trained work- 
ers, or an unusually hazardous con- 
dition. 

In an analysis of 92 Ordnance in- 
stallations for the year 1953, the 
weighted average number of vehicle 
accidents per 100,000 vehicle miles 
was 1.2 per installation. 

This type of problem involves the 
Poisson distribution in which the 
standard deviation is dependent only 
on the expected number of occur- 
rences. The standard deviation of 
the individual accident rates was 
found to be 1.04 per 100,000 vehicle 
miles. Therefore, limits of reason- 
able safety experience were set to 
include 95 percent of the total ex- 
pected spread, at 1.2 + 2 x 1.04 or 
3.3 and 0. Four installations ex- 
ceeded the upper limit of 3.3 vehicle 
accidents per 100,000 vehicle miles. 
It was logical to put emphasis on the 
safety programs at these instal- 
lations. Of course, a number of other 
installations were higher than the 
average, but it was not deemed ap- 
propriate to take action regarding 
them because on the basis of a con- 
servative statistical risk of being in 
error, their performance was not 
significantly out of line. 

Similarly, injuries to one class of 
personnel averaged 3.0 per 1,000,009 
man hours. The standard deviation 
of individual installation rates was 
1.82. Therefore, action limits were 
placed at 3.0 + 2 x 1.82 or at 6.6 and 
0. Thirteen installations exceeded 
the upper limit and were therefore 
in line for special attention from the 
Safety Office. 


This procedure directed attention 
to the most serious safety hazards 
and eliminated unnecessary badger- 
ing of installations with a reasonably 
good experience. It did not mean, of 
course, that ordinary safety pre- 
cautions should be relaxed one iota! 


CLOSING THE INFORMATION 
LOOP 


Another unique example of use 
of simple quality control techniques 
to assist management decision comes 
from the malfunction reporting sys- 
tem used on newly developed items 
of ordnance. Traditionally, Ord- 
nance has had a system of accumu- 
lating reports of equipment de- 
ficiencies from the field. These 
“Unsatisfactory Equipment Reports” 
have the principal disadvantage that 
they are generated too late to do the 
soldier any immediate good and that 
it is usually necessary to wait for 
accumulated evidence to point a 
finger at malfunctions occurring 
with an unusual frequency. Al- 
though it is useful to have this pipe- 
line for gripes from the ultimate 
user, in more than one respect it 
falls down as a management tool. 
One shortcoming is that it is not 
necessarily the defect occurring with 
the greatest frequency that calls for 
most drastic action. Actually, types 
of malfunctions that recur are 
brought forcefully into the limelight 
and are often corrected before the 
paper work is completed. On the 
other hand, the great bulk of the 
reports are on defects that occur in- 
frequently or perhaps, only once. 
A second shortcoming is that it is 
extremely difficult to obtain through 
this system a reliable report on the 
cause of the malfunction. A project 
manager usually has great difficulty 
in determining from the reports 
alone what corrective action should 
be taken, even for defects occurring 
with high frequency. 

In the development of some of the 
more established ordnance lines like 
automotive equipment a much im- 
proved deficiency reporting system 
has been in general use. This de- 
pends on reports of failures occur- 
ring during the design, manufactur- 
ing and testing stages. Such defects 
may often be eliminated by a simple 
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design or manufacturing change be- 
fore the equipment is turned over 
to the using arm. Therefore, each 
report, even though it involves only 
a single failure, is carefully scruti- 
nized by engineers at the arsenal. 
If the cause of failure is not ap- 
parent, special tests are made which, 
although limited, are conducted 
under more closely controlled con- 
ditions than those that would exist 
under normal field use. In the plan- 
ning of these tests Ordnance is ap- 
plying a tool which is becoming in- 
creasingly familiar to industrial 
quality control engineers, namely 
the statistical design of experiment. 
The suggested corrective actions are 
outlined when results of the tests 
become known. Results of this pro- 
cedure are consolidated into a 
monthly report which serves not 
only as a basis for management 
action, but also as a guide for future 
designs. 

Recently, in the development of 
more complex ordnance equipment 
such as guided missile systems, the 
requirement for a closed-loop in- 
formation system has been more 
than ever urgent. By a closed-loop 
is meant a procedure by which data 
are gathered and analyzed, tests are 
performed and recommendations 
made, and actions are taken to re- 
move the cause of failures. The 
problem of diagnosing causes of 
failure is acute for missiles because 
of the difficulty of determining what 
happened during flight. Much more 
dependence has to be put on labora- 
tory testing of parts failing during 
check out. The new parts may be 
tested to failure to determine modes 
of failure and the relation between 
the “strength” of the part and the 
environmental stresses to which it 
will be subjected. Production con- 
trol and acceptance inspection tests 
must be based on most up-to-date 
statistical quality control pro- 
cedures. When all of these things are 
done, the reliability of the complex 
system improves. At the manage- 
ment level, Ordnance is interested in 
seeing that appropriate use is made 
of all of these techniques, many of 
which come directly from _ the 
quality control engineer's kit bag. 


THE MANAGER'S CONFIDENCE 
IN DATA 


In the management of large re- 
search and development projects, 
the problem constantly arises of 
assessing the performance of a new 
item as it gradually approaches per- 
fection and standardization. Unless 
data have been collected by follow- 
ing a consistent plan, those respon- 
sible for the project may be con- 
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fronted with a very difficult prob- 
lem of irterpretation. The problem 
may be cumplicated by the fact that 
during development the components 
have been tested and approved non- 
systematically. This means that until 
a prototype of the final item has 
been put together and tested, the 
data may not represent any kind of 
a universe of measurements. 
There is sometimes a tendency on 
the part of project supervisors to 
select particularly favorable parts 
of the data for determining status of 
the project. This is a violation of a 
fundamental _ statistical _ principal 
that in order for a conclusion to be 
valid, the questions to be answered 
must be asked in advance of obtain- 
ing the data. We may not select par- 
ticular parts of the data to answer 
questions suggested by the data. 
Quality control helps in this pre- 
dicament by providing methods for 
the lotting of products and for de- 
termining the sufficiency of a set of 
data. In Ordnance, however, we are 
interested in beginning to solve the 
problem of adequate data long be- 
fore the usual tools of quality con- 
trol become applicable. This is the 
reason why all of our arsenals and 
proving grounds have been en- 


couraged to increase their use of 


statistical design of experiments. 
This is why at the very critical engi- 
neering evaluation stage when an 
item is believed to be about ready 
for standardization, a review of the 
adequacy of the plan of test is made 
by a group responsible directly to 
the Chief of Research and Develop- 
ment. 

This review has a dual purpose. 
One is to use the best available 
techniques of experiment design to 
reduce the work load on our proving 
grounds by requiring no more test- 
ing than is necessary; the other is 
to provide valid data from which 
dependable conclusions may be 
reached. 

More and more, the necessity of 
coordinated planning between de- 
signer, producer, and the independ- 
ent evaluator of an item has become 
recognized. Within the Ordnance 
organization this coordination of test 
planning has become well estab- 
lished. Ordnance has also had en- 
couraging response in this regard 
from design contractors and produc- 
tion contractors who are working 
hand in hand on many of the im- 
portant new complex systems de- 
veloped for our country’s defense. 

This is an accomplishment of some 
importance because a decision is 
only as good as the confidence a 
manager can put in the data supplied 
to him. 


A PRACTICAL EVALUATION 
PROBLEM 


A good opportunity for the use of 
designed experiments occurs in the 
planning for field trials of new 
rockets and guided missiles. As an 
example, the flight testing of a bal- 
listic type missile, really just a large 
rocket, may be used. Experience 
with conventional projectiles indi- 
cated that important variation in 
range and horizontal deflection of 
rounds might be caused by cross- 
winds or by day to day differences 
in orientation of the launcher, cali- 
bration of the instruments used for 
sighting, atmospheric conditions, or 
other things. Accordingly, an experi- 
ment was needed that would permit 
comparison of effects due to factors 
like these. As a basis for comparison, 
it was desirable, of course, to have 
a measure of the inherent variability 
of the rounds when conditions were 
as constant as possible. 

An accepted method of determin- 
ing inherent variability is to conduct 
replications of the test, that is, to re- 
peat the test at least once for each 
combination of conditions. Because 
wind conditions vary with extreme 
rapidity at the proving ground, it 
was desirable, then, to carry out 
simultaneous firings of pairs of the 
rockets. This required the use of 
two launchers, which introduced an 
additional variable. Subsequent 
analysis showed that the launchers 
did not cause significant differences 
in results so only the main sources 
of variation, crosswind, days, and 
pairs of rounds need be explained 
further. 

It was decided to fire pairs of 
rounds as nearly simultaneously as 
possible without causing mutual in- 
terference on each of six different 
days at low, medium and high wind 
velocities. This meant a total of 2 x 
6 x 3, or 36 rounds. Analysis of the 
results showed that for range, the 
day to day variation was significant 
but that the wind had no measurable 
effect. For horizontal deflection, 
there was a significant effect due to 
wind and a highly significant day to 
day difference. However, wind con- 
dition is a factor for which correc- 
tions can be provided in firing tables. 
Therefore, the computed effect of 
the wind was removed from the data 
with the result that for range neither 
wind nor days seemed to affect the 
dispersion of results and for deflec- 
tion only day to day variation re- 
mained highly significant. 

It should be noted that the bias 
in either range or deflection (that is 
the difference between the center of 
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impacts and the aiming point) may 
usually be corrected by proper con- 
struction of firing tables. Therefore, 
in ballistic experimentation, the 
principal emphasis is usually on the 
dispersion of individual rounds 
about the center of impact. It is this 
variability which it is desirable to 
minimize. 

Expressed as standard deviations, 
the dispersion in range stripped of 
wind effects was 363 measurement 
units. Later improvement in uni- 
formity of propelling charge and 
in handling of launching reduced 
this significantly to 238 units. The 
standard deviation for deflection 
stripped of wind effects was 191 
units for day to day effect, 89 units 
due to differences within pairs, or 


a total standard deviation of 211 
units. Later improvements elimi- 
nated the day to day effects with an 
accompanying reduction in total dis- 
persion. However, since the mean 
range was increased significantly 
between these trials, a one to one 
comparison of the deflection stand- 
ard deviations is not meaningful. 
The ratio of improvement was 7 to 
6.1. 

As a result of this evaluation a 
recommendation was made to stand- 
ardize the rocket. 


CONCLUSION 
The foregoing four examples have 


covered a wide spectrum of top 
management problems to which 


quality control principles apply. 
Some of these dealt with use of 
relatively simple and widely used 
techniques like control charts and 
frequency’ distribution analysis 
However, the emphasis, particularly 
in the latter examples, was on the 
use of designed experiments. This 
emphasis may be puzzling to those 
who have accustomed to 
looking upon quality control simply 
as a factory tool. However, it is in 
keeping with the point of view that 
management is interested not only 
in facts from figures but also in de- 


become 


cisions from observations. It is the 
contribution of statistical quality 
control to decision making that 
really puts it in the class of a top 
management tool 





The Top Executive’s Responsibilities for Quality 
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Editorial Note: During the summer 
of 1954, Dr. Juran lectured exten- 
sively in Japan, under the sponsor- 
ship of the Japanese Federation of 
Economic Associations and of the 
Japanese Union of Scientists and 
Engineers. 

Top executive participation in 
these lectures was provided in two 
2-day meetings for chairmen, presi- 
dents and vice-presidents of Japa- 
nese companies. One of these meet- 
ings took place at the Fujiya Hotel, 
Hakone, Japan, on July 9 and 10, 
and was attended by 65 executives. 
The other meeting, attended by 70 
executives, was held at Kongobi’i 
Temple, Koyasan, Japan, on August 
13 and 14, 

The paper which follows was part 
of the presentation to these execu- 
tives. Though prepared specially for 
a Japanese audience, the principles 
stated are regarded by Dr. Juran as 
applying to industry generally. 


During three decades of dealing 
with quality problems I have met 
many business executives. Without 
a single exception, the business ex- 
ecutives I have met want good qual- 
ity, not bad quality. 

However, many of these same ex- 
ecutives did not clearly understand 
their own responsibilities in aiding 
the enterprise to achieve a good 
quality product. These responsibili- 
ties are so important that I could not 
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do better, in a lecture to industrial 
executives, than to list and expound 
the responsibilities. 

The responsibility of the top exec- 
utive in the quality function may be 
subdivided as follows: 

1. Responsibility for high 
or doctrine. 

2. Responsibility for choice of 
quality of design (grade) 

3. Responsibility for the plan of 
organization of the company with 
respect to quality 

4. Responsibility for setting up 
measurement of what is actually 
taking place with respect to quality. 

5. Responsibility for reviewing re- 
sults against goals, and for taking 
action on significant variations. 

These will now be considered 
separately. 


RESPONSIBILITY FOR HIGH 
POLICY OR DOCTRINE 


The highest policy questions are 
really questions of ethics. They in- 
clude: 

(1) Whether the enterprise will 
truthfully represent its products 
when offering them for sale. 

(2) Whether the enterprise sin- 
cerely takes steps to make its prod- 
ucts to the contract provisions. 

(3) Whether, in the case of qual- 
ity failures for which it is respon- 
sible, the enterprise endeavors to 
obscure this, or sincerely meets its 
obligations under the contract. 


policy 


Responsibility for these ethical 
decisions lies with the executives of 
the enterprise. Their responsibility 
is not only to decide these things, 
and to make their decisions known 
throughout the 
equally their responsibility to show 
by repeated acts that they them- 
selves truly follow the principles 
they have enunciated. 

It is axiomatic that if the enter- 
remain in 


enterprise; it is 


prise is determined to 
business for a long period of time, 
the quality of the product or the 
service which it is selling must be 
adequate to meet the needs of the 
consumer. Failing this, the consum- 
er justifiedly will turn to other, com- 
peting products or services which 
do meet the consumer's needs. 


RESPONSIBILITY FOR CHOICE 
OF QUALITY OF DESIGN (grade) 


Any enterprise, whether for profit 
or not, exists to provide a service to 
a clientele. That service (or prod- 
uct) is defined by a collection of 
characteristics. Each of these char- 
acteristics is a quality. The collec- 
tion of characteristics defines the 
quality of the product (or service) 
and is called the design of the prod- 
uct. 

I have on numerous occasions 
asked high officials in American 
companies whether in their opinion 
higher quality costs less or costs 
more than lower quality. Their an- 
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swers are always divided. Some of 
them state that higher quality costs 
more. Some of them state that high- 
er quality costs less 

Actually, all of them are correct 
They are using the word “quality” 
in two different meanings. The 
group which thinks that higher qual- 
ity costs more is thinking of what 
or “quality of de- 
compare a 
with a 


we call “grade”, 
sign”. For example, 
watch with many jewels 
watch having only a few jewels. The 
two watches serve the same func- 
tional purpose, that of keeping time, 
but they are different in their grade, 
or quality of design. As to quality 
of design, higher quality almost al- 
(The group which 
states that higher quality costs less 
is thinking of what we call “quality 
of conformance.” This may be de- 
fined as the extent to which the 
product as made actually conforms 
to the design intent, ie., the per- 
cent good, the percent yield, etc. As 
to this meaning of “quality,” higher 
quality always costs less since the 


ways costs more 


lower the percent defective, the less 
will be the companies’ losses due to 
scrap, rework, sorting, customer re- 
turns, quality complaints, etc.) 

The decision as to quality of de- 
sign is fundamental. The decision 
is a choice of which market the com- 
pany is trying to reach. It is also a 
choice of the price level which the 
product is going to have within that 
market. The study of optimum qual- 
ity of design involves what in the 
United States we call “market analy- 
sis”. It is a study of the consuming 
habits of people, of the prices they 
are willing to pay for various prod- 
ucts or services, and of the choice 
of a design of product which meets 
the needs of the consumer while at 
the same time susceptible of being 
manufactured at a cost which can 
yield a profit. 

Elsewhere in this lecture, I will 
have occasion to contrast quality of 
design with “Quality of Conform- 
ance.” In the United States the word 
“quality” is often used without dis- 
tinguishing between these two basic 
meanings. This leads to unfortunate 
misunderstandings in the United 
States. It is possible you have a like 
problem in Japan as well. 

The final responsibility for choice 
of markets rests with the chief ex- 
ecutive. To make this decision in 
the best way requires, on his part, 
a clear understanding of several im- 
plications: 

(1) That while higher quality of 
design usually costs more, higher 
quality of conformance invariably 


costs less. 
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(2) That choice of quality of de- 
sign requires participation by all 
major departments of the company 

(3) That this participation should 
not be left to chance, but should 
specifically be organized by the chief 
executive. 

In many companies in the United 
States this problem of participation 
is solved by the establishment of a 
New Products Committee. This 
committee is set up by a formal act 
of creation on the part of the top 
management. The committee mem- 
bers always include the Design, 
Sales, and Manufacturing Depart- 
ments, plus any other interested de- 
partments. This committee is given 
the responsibility for discussing var- 
ious aspects of new designs, how 
feasible they are, and how they 
might be modified in order to reduce 
the cost of manufacture, or to in- 
crease the attractiveness to the con- 
sumer. This committee 
and recommends the needs for ma- 
chinery, personnel, factory space, 
etc. However, this New Products 
Committee does not make any ex- 
ecutive decisions. It only threshes 
out interdepartmental problems and 
prepares recommendations for the 
decision of the top executives. 


discusses 


In still other companies in the 
United States the problem of col- 
laboration between departments is 
met by organizing the company into 
product divisions. In this way, in- 
stead of the company being divided 
into one Manufacturing Depart- 
ment, one Sales Department, one 
Product Design Department, etc., 
the company is divided into product 
divisions, each headed by a Divi- 
sional Manager. The Divisional Man- 
ager is made responsible for the 
making, the designing, and the sell- 
ing of a particular line of products. 
The divisional type of organization 
greatly reduces the difficulty of co- 
ordinating Design, Sales and Manu- 


facture, since the common superior, 
i.e., the Divisional Manager, is clos- 
er to the level of action. However, 
the divisional type of organization 
can be applied economically only to 
certain types of companies, and even 
where applied, it creates new prob- 
lems of other kinds. 

A further means for interdepart- 
mental coordination is the staff as- 
sistant. Here the top executive 
makes use of an assistant to collect 
facts, draft plans and make recom- 
mendations. The assistant, properly 
used, can save much of the personal 
time of the chief. However, it is 
vital that the duties of the assistant 
be defined clearly so that there is no 
violation of the chain of command. 
And it is essential that the chief 
himself be on the alert to avoid any 
such violation. 

Finally, there are situations, es- 
pecially in small companies, where 
the chief executive himself does the 
coordinating as well as making the 
final decision. 

Any of these methods can be used 
to secure coordination between de- 
partments. The essential point in 
this lecture is that the chief execu- 
tive should not leave this coordina- 
tion to work out by itself. Rather, 
the chief executive has the respon- 
sibility of recognizing the need for 
organizational machinery to achieve 
coordination. He likewise has the 
responsibility for setting up that 
machinery in some appropriate form. 


RESPONSIBILITY FOR THE 
PLAN OF ORGANIZATION WITH 
RESPECT TO QUALITY 


Perhaps the easiest way to discuss 
organization for quality is to refer 
to some typical plan of organization 
as might be found among progres- 
sive companies in the United States. 
Such a plan is shown in Fig. 1. (In 
Fig. 1 those departments not deeply 
involved in quality problems are 
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Figure 1—Plan of organization chart. 





omitted, for the sake of simplicity. 
However, those departments deeply 
problems are 


involved in quality 
shown in detail.) 

The role of the New Products 
Committee in unifying the major 
departments on new products has 
already been discussed. 

The preparation of detailed speci- 
fications is the next logical point for 
discussion. This, on the face of it, 
is done by the Design Department. 
However, at this point there is risk 
of serious misunderstanding of func- 
tions. 

The important thing here is that 
the definition of the specification 
should not be left solely to any one 
department. Instead, the specifica- 
tion should be an agreement among 
all the interested departments. In 
some of the companies in the United 
States, the mistake is made of giv- 
ing the Engineering Design Depart- 
ment the sole responsibility for de- 
ciding on the specification. This, 
however, is in error. It is entirely 
proper to give the Design Depart- 
ment the sole responsibility for pub- 
lishing the final terms of design 
However, the terms of the design 
should first be agreed upon by all 
departments concerned. 

The reason for a community de- 
cision on design lies in the fact that 
a design is essentially an attempt to 
strike a balance between the cost of 
quality and the value of having that 
quality. While the designer may 
have knowledge about the technical 
needs of the apparatus, it does not 
follow that he has full knowledge of 
the value of the product to the con- 
sumer or of the cost of the product 
in the factory. Thereby the design- 
er needs information and advice 
from the Sales Department, the Pur- 
chasing Department, the Manufac- 
turing Department and still others 

A further problem in agreement 
on the specification lies in the dis- 
tinction between functional and non- 
functional quality characteristics 
The former are essential to the cor- 
rect functioning of the apparatus, to 
interchangeability in the field, to 
long life, to freedom from mainte- 
nance, or to appearance, where ap- 
pearance is one of the essential qual- 
ities. On the other hand, non-func- 
tional characteristics serve only to 
facilitate manufacture. 

The fact that both kinds of char- 
acteristics usually appear on the 
same blue prints leads to confusion. 
In some companies in the United 
States a practice is evolving for spec- 
ially designating functional toler- 
ances so that the personnel in the 
various departments are properly 
informed. 
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Once the design has been agreed 
upon there arises the problem of 
planning for manufacture. 

In the United States, there has 
been a wide acceptance of the prin- 
ciple that planning for manufacture 
should be done by a manufacturing 
planning department rather than by 
the various production supervisors. 

Adoption of this principle has 
aided progress in plant layout, choice 
of machinery, sequence of opera- 
tions, and effective materials han- 
dling. 

In the small companies, the fac- 
tory manager may well be able to 
do the manufacturing planning. But 
the larger the company, the more 
desirable is it to give the manufac- 
turing planning responsibility to a 
separate department which can de- 
vote to the task a measure of skill 
and imagination beyond that pos- 
sessed by the production supervi- 
sors. 

(It goes without saying, however, 
that the final plans must be accepted 
by the production supervisors before 
being made effective.) 

A vital aspect of planning for man- 
ufacture is the quality planning. The 
following are among the principal 
elements of planning for quality: 

(1) Determining which machines 
and processes are precise enough to 
hold the tolerances. 

(2) Providing adequate measuring 
instruments to enable production 
and inspection employees to regu- 
late the process and to judge the 
product. 

(3) Providing adequate informa- 
tion in the form of blue prints, 
method sheets, instructions, routines, 
etc., so that all concerned under- 
stand their duties 

These tasks, which are all in the 
nature of preparing to manufacture, 
are often carried out by the manu- 
facturing planning department. How- 
ever, there are other, and special 
tasks equally essential to successful 
manufacture, for which responsibil- 
ity has been less clear 

These special tasks include: 

(1) A plan of inspection of the 
product, embracing such matters as 
what to inspect, how large a sample, 
method of test, disposition of the 
product, what records to keep, use 
of data for defect prevention, etc. 
Inspection has become quite com- 
plex, and the planning is corre- 
spondingly complex. 

There are three well defined stag- 
es of inspection: (a) “vendor inspec- 
tion” for purchased materials and 
parts, (b) process inspection of the 
work as it progresses through the 
various fabricating departments and 


(c) final inspection and test of prod- 
uct ready to go to customers. 

For each of these stages there are 
special problems of planning, with 
special solutions. In the United 
States, the engineers who do manu- 
facturing planning are not as yet 
expert in these special solutions for 
inspection planning. Hence there 
has evolved a special classification 
of engineer, a “Quality Control En- 
gineer,” one of whose tasks is to 
perform inspection planning. 

(2) A plan of maintaining the ac- 
curacy of the measuring instruments. 
The problem here is to measure pe- 
riodically the calibration of all in- 
struments, the frequency of meas- 
urement depending on the nature 
and use of the instrument. 

(3) A plan for using modern sta- 
tistical methods to aid in control of 
the quality of the manufacturing 
processes. 

These special tasks of quality 
planning require special knowledge 
not as yet possessed by the manu- 
facturing planning engineers. Hence 
we find in the United States a strong 
trend to assign these tasks to a new 
variety of engineer, the Quality Con- 
trol Engineer. 

Once planning has been completed 
and production commences, there 
arises a whole host of quality prob- 
lems. Some of these are small but 
urgent, and thus secure attention 
at once. On the other hand, there 
are a number of chronic quality 
problems, very important, but not 
so compelling in their urgency 

Some of these very important 
problems are: 

(1) The presence of customer dis- 
satisfaction with the product, un- 
known in extent or in nature to the 
manufacturer. 

(2) The presence of continuing 
losses due to defectives, i.e., process- 
es which yield say 90% good prod- 
uct, but which, through modern 
methods of analysis could be re- 
fined to yield 98% or 99% good. 

(3) The presence of difficulties 
arising from questions of organiza- 
tional jurisdiction between depart- 
ments of the company. 

(4) The lack of adequate meas- 
ures of quality performance. 

(5) Real or fancied dissatisfaction 
by some departments with the per- 
formance of other departments. 

(6) The absence of a state of qual- 
ity-mindedness among the company 
personnel. 

In the United States there is a 
surprising frequency of situations 
in which the day-to-day “small but 
urgent,” problems are so numerous 
that they occupy the full time of en- 
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Thereby 
the big but not-so-urgent problems 
go on and on without solution. Yet 
in economic importance, the big 
problems greatly exceed the signifi- 
cance of the small problems. 

A most useful step toward solu- 
tion of these important problems is 
organization of a Company Quality 
Committee. The responsibilities of 
this committee are clear: 


gineers and supervisors. 


(1) To identify the important un- 
solved quality problems. 

(2) To discuss possible solutions 
to these problems 

(3) To recommend proposed ac- 
tions. 

(4) To follow the progress of 
tion taken. 

This committee includes member- 
ship from Design, Sales, Manufac- 
turing Planning, Production, Ac- 
counting, Inspection and Quality 
Control, with such others as may be 


ac- 


appropriate. 

As always, such a committee is a 
deliberative body, not a decision- 
making body. The basis for the de- 
liberations are the facts prepared by 
the various departments, 
Quality Control Engineering. 

In the United States, a number 
of companies have achieved notable 
reductions in cost and improvements 
in quality through a program of de- 
fect prevention. The elements of a 
successful program of defect pre- 
vention are as follows: 


notably 


1. Computation of losses due to 
defects, including scrap, rework, ex- 
tra operations, excess inspections, 
cost of handling quality complaints, 
etc 

2. Determination of the 
where principal losses are concen- 
trated. 

3. Estimate of how much of this 
loss can be eliminated economically. 

4. Estimate of budget needed to 
accomplish (3) 

5. A program of fact finding to 
discover just what causes the prin- 
cipal chronic defects. 

6. An improvement quota for line 
departments—set by agreement with 
line departments 

7. A timetable 

8. A plan for action, including 
definition of responsibilities of the 
various departments. 

9. A plan for communication, us- 
ing all the company’s facilities to 
enlist cooperation of supervisors and 
employees. 

10. A system of score keeping. 

11. A plan for coordination of the 
program and for review of results. 


point 


12. Appropriate training for top 
executives and for both line and 
staff groups. 
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Once the program is agreed upon 
its success will be influenced strong- 
ly by the fact-finding of step 5. This 
fact-finding job is properly the re- 
sponsibility of Quality Control En- 
gineering. 


RESPONSIBILITY FOR SETTING 
UP MEASUREMENT OF WHAT IS 
ACTUALLY TAKING PLACE 
WITH RESPECT TO QUALITY 


In the United 
still discussing the various means 


States we are 


through which an executive can as- 
sure that his plans and intentions 
are carried out by his subordinates 
The main questions are: 

(1) How widely should the execu- 
tive delegate the power to make de- 
cisions. 

(2) To what 
executive “check up” on the per- 
formance of his subordinates. 

(3) To what extent should the 
executive secure his information by 


extent should the 


formal reports as contrasted with 
informal reports or with personal 
observation. 

The answers to these questions 
vary widely with the size and nature 
of each company, and I will not at 
this time pursue the answers in de- 
tail. However, it is pertinent to note 
that correct executive decisions with 
respect to quality are vital to the life 
of the enterprise. These decisions 
can obviously be more sound in the 
presence of essential quality data 
than in the absence of such data. We 
will therefore examine now the 
question of what quality data are so 
useful in the making of executive 
decisions as to suggest that such 
quality data merit the label of “es- 
sential”. I would list the essential 
quality data as follows: 

A. Measures of customer satisfac- 
tion and dissatisfaction with the 
product. This can be derived 
from several sources: 

(1) The company’s “share of the 
market,” i.e., the ratio of the 
company’s sales to all sales 
in the market for that prod- 
uct. 

2) The rate of the number of 
quality complaints, returns, 
or calls for service, to the 
number of units of product 
in service. 

(3) The cost of adjusting cus- 
tomer quality objections re- 
lated to the extent of pro- 
duct in service. 

Direct measures of the quality 

of the product going to the cus- 

tomer, These include: 

(1) Data on extent of defects in 
product ready for shipment 
to customers, as determined 
by a sampling at packaging. 


(2) Data on specific important 
qualities, i.e., efficiency of 
electric lamps, weight of 
aircraft parts, bacteria count 
in food, chemical purity of 
drugs, etc. 

.Measures of company financial 

losses due to defects. By “loss” 

I mean here any cost which 

would disappear if all defects 

disappeared. 

(1)Materials 
junked. 

(2) Labor and burden on prod- 
uct scrapped or junked. 

(3) Labor, materials, and bur- 
den necessary to effect re- 
pairs on salvageable prod- 


scrapped or 


uct. 

(4) Extra operations added be- 
cause of presence of defec- 
tives. 

(5) Burden arising from excess 
production capacity neces- 
sitated by defectives. 

(6) Excess inspection costs. 

(7) Investigation of causes of 
defects. 

(8) Discount on seconds. 

(9) Customer complaints. 

(10) Charges to quality guaran- 
tee account. 

(11) Delays and _ stoppages 
caused by defectives. 

(12) Customer good will. 

(13) Loss in moral and hence 
productivity due to friction 
between departments. 

Clearly, these losses cannot eco- 
nomically be reduced to zero. Their 
great significance is in the eloquence 
with which they point to opportuni- 
ties to reduce costs while at the same 
time improving quality of con- 
formance. 

D. Measures of cost of controlling 
quality. These include prin- 
cipally: 

(1) Cost of Inspection in all of 
its phases. 

(2) Cost of Quality Control En- 
gineering. 

(3) Cost of quality reporting, 
check inspection and other 
activities of quality assur- 
ance. 

.Measures of how the overall 
plan of quality is being carried 
out. This is done by a “quality 
survey”, which I have described 
thus: 

“A complete quality survey in- 
volves bringing together the data 
from six related investigations, as 
follows: 

“1. An examination into the func- 
tional design specifications from the 
standpoint of their completeness, 
freedom from ambiguity, and cog- 
nizance of customers’ quality com- 
plaints. 





“2. An examination into the 
manufacturing design specifications 
from the standpoint of fidelity to 
functional design specification, com- 
pleteness, and freedom from ambig- 
ulty 

“3. A review of customers’ quality 
complaints and of adequacy of cor- 
rective action 

“4. A review of check inspection 
data, inspectors’ accuracy data, con- 
trol charts, and other devices which 
measure phases of shop 
quality performance 

“5. A shop investigation to judge 
adequacy and accuracy of gages, test 
equipment, completeness and se- 
quence of performances of the in- 


various 


spection act. 

“6. A firsthand inquiry into the 
performance and understanding of 
the shop personnel. 

“These and other pertinent data 
are reviewed by a quality survey 
committee which can consist of rep- 
resentatives from interested di- 
visions of the company. The com- 
mittee, after digesting the data, 
prepares a report which summarizes 
the facts and which makes any 
necessary recommendations. This 
report should be sent to the top of- 
ficials in the company as well as to 
the participating and _ interested 
organizations.” 


RESPONSIBILITY FOR REVIEW- 

ING RESULTS AGAINST GOALS, 

AND FOR TAKING ACTION ON 
SIGNIFICANT VARIATIONS 


No executive will seriously deny 
that this responsibility exists and 
that it should be met. The problem 
is rather to meet this responsibility 
through a scheduled, constructive 
review of results rather than through 
letting matters take their course un- 
til some serious difficulty arises. 


A scheduled, constructive review 
requires that there exist: 

(1) A plan for carrying out the 
quality function, and standards for 
the various aspects of performance. 

(2) Measures of actual perform- 
ance against the standards. 

(3) Analysis of significant de- 
partures of actual performance from 
standard, to discover the cause of 
such departures. The cause will of 
course suggest the remedy. 

However, securing of action from 
subordinates is a very complex prob- 
lem. I suggest that the ease of se- 
curing action is directly related to 
the extent to which the following 
questions can be answered in the 
affirmative. 

(1) Does the subordinate know 
what his performance is supposed 
to be? Does the foreman know the 
cost standards? Does the machinist 
know the tolerance? 

(2) Does the subordinate 
what his performance actually is? 
Does the foreman know the actual 
costs being incurred? Does the ma- 
chinist know the actual dimension 
being cut? 

(3) Is the performance truly 
under the regulation of the subor- 
dinate? Does the foreman decide 
that the costs should or should not 
be incurred? Does the machinist 
have means of adjusting the cut so 
that he can change the dimension”? 

Unless all three of these questions 
can be answered in the affirmative, 
it is not fair to hold the subordinate 
responsible for failure to meet the 
standard. 

If all of these questions can be 
answered in the affirmative, then the 
subordinate can be held responsible 
for failure to meet the standard. 
However, it does not follow (at 


know 


States) that 
held 


meet 


United 
might be 
actually 


least in the 
merely because he 
responsible, he will 
the standard. He may or he may not, 
depending on the extent to which 

(1) He has participated in the es- 
tablishment of the standard in the 
first instance, so that he has been 
heard in the matter. 

(2) He feels that the 
finally arrived at is just and reason- 
able 

(3) He is convinced that the pub- 
lished measurement of performance 
truly reflects the actual performance 

(4) He is convinced that the regu- 
lation of events is truly in his hands 


standard 


(5) He is convinced that meeting 
of this standard is important enough, 
in relation to the other demands 
made on him for meeting other (and 
sometimes conflicting) standards 

(6) He is morally convinced that 
the standard should be met, not 
merely because the hierarchy de- 
mands it, but also because it is in 
the best interests of his fellow hu- 
man standard be 


met 


beings that the 


These criteria for securing whole- 
hearted action on the part of subor- 
dinates, I have derived mainly from 
experience in the United States. I 
believe they are equally valid in 
the countries of Western Europe as 
well, though I base this on limited 
experience. I do not know to what 
extent these criteria may be ap- 
plicable in Japan. But kzowing that 
these criteria their origin in 
basic human traits, and being per- 
sonally of the belief that these basic 
human traits are essentially alike all 
over the earth, I commend them to 
you as considerations of the highest 


have 


importance in securing constructive 
action. 





The Bendix Radio 
Vendor Quality Rating System 


BACKGROUND 
With the tremendously increased 
complexity of modern technology, 
the trend to specialization is as evi- 
dent in industry as in the profes- 
sions. As a result, the popular con- 
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ception of manufacturing, where raw 
materials come in one door and a 
salable end-product goes out an- 
other door, is fast disappearing. 

In the mcdern manufacturing 
plant, a considerable percentage of 
the over-all effort is devoted to as- 
sembly of components purchased 
from suppliers. An electronics com- 


pany, for instance, purchases such 
things as castings, transformers, mo- 
tors, tubes, etc. and assembles these 
things into a finished electronics 
equipment. 

One problem whic has 
with this trend toward industrial 
specialization is the increased diffi- 
culty in controlling product quality. 


arisen 
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Product quality depends upon three 
basic factors: 1) the quality of the 
raw materials from which the prod- 
uct is made, 2) the skill and integ- 
rity of the workers who make the 
product, and 3) the soundness of the 
idea on which the product is based. 
These three factors are relatively 
the entire 
manufacturing process takes place 
under one roof. But when this proc- 
ess involves the assembly of com- 
ponents purchased outside 
vendors, the factors are multiplied 
and quality control becomes a great 
deal more difficult. 

From a practical viewpoint—that 
of a Purchasing Department, for in- 
stance—this increased difficulty re- 
solves itself into one basic problem: 
that of securing high-quality com- 
ponents. In the larger companies, 
such as Bendix Radio, this problem 
is complicated by the fact that pur- 
chases of any one type of part or 
component are divided among sev- 
eral vendors and that many of these 
vendors different 
kinds of components. With the ever- 
growing public demand for high 
product quality, it can be seen that 
some system of controlling the qual- 
ity of purchased parts or compo- 
nents is essential in the over-all 
quality control picture. In Bendix 
Radio this system is known as the 
Vendor Quality Rating System. 

A system that merely acts as a 
gate, allowing acceptable material to 
pass and shutting out bad material, 
cannot be satisfactory. It costs Ben- 
dix Radio three or four times as 
much to reject a lot of material as 
it does to accept a lot. Added to 
this is the time spent in material 
review procedures and in communi- 
cations with the vendor. Production 
schedules must be altered to allow 
time for replacement or correction 
of rejected parts. Purchasing finds 
itself in the position of having to 
order more parts than are actually 
needed in order to make sure that a 
sufficient number of good parts are 
in stock. Management sees all this 
for what it is unproductive 
expenditure of time and money, the 
mortal enemy of any profit-minded 


easy to control when 


from 


supply several 


company 

A truly effective system, then, 
would seek to improve the quality 
of purchased materials at their 
sources. This can be either a purely 
selective process, in which the Pur- 
chasing Department buys only from 
vendors with a history of high prod- 
uct quality; a quasi-educational 


process, where an attempt is made to 
help the vendor improve his product 
quality; or a combination of both. 
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Bendix Radio’s Vendor Quality Rat- 
ing System is based on the latter 
method. 

Bendix Radio purchases as many 
as 15 million items per month from 
more than 1000 vendors. Purchasing 
decisions must be based on accu- 
rate “historical” information; that is, 
purchasing must have available a 
history of the product quality of all 
vendors. It is not enough to know 
the level of quality of the last ship- 
ment or even the last several ship- 
ments; information must be com- 
plete enough so that reasonable as- 
sumptions can be made concerning 
the probable quality of the nezt 
shipment. Providing this type of in- 
formation is the basic function of 
the Vendor Quality Rating System. 


SOLVING THE BASIC 
PROBLEMS 

Many questions arose during the 
studies preparatory to the devising 
of this system. The key question 
was how to go about rating a thou- 
sand vendors who supply products 
ranging from rivets to radar anten- 
nas. An individual shipment might 
be quality-rated on the basis of the 
percent defective shown in the sam- 
ple. But such an evaluation would 
be ineffective, however, unless the 
sample percent defective were com- 
pared with some objective standard 
such as the Acceptable Quality Level 
assigned to that particular item. 

Other questions arose: How do 
you rate a vendor who supplies 
many parts at different AQL’s? How 
about the vendor who supplies sma!] 
lots as against the vendor who sup- 
plies large lots? What about the 
vendor who supplies many lots dur- 
ing a certain period of time as op- 
posed to the vendor who supplies 
only a few? What time interval 
should the rating cover? Should the 
ratings be based on cumulative re- 
sults or should the vendor be given 
a fresh chance with each rating? 
All these questions and many more 
had to be answered. In other words, 
we had to establish a general con- 
cept of vendor quality rating before 
a precise system for accumulating 
and processing data could be de- 
vised. 

First, we considered the problem 
of rating the individual lot (regard- 
less of size). As has already been 
pointed out, in order for such a 
rating to be effective, the percent 
defective must be compared to a 
standard, in this case the AQL. Fur- 
thermore, it seemed reasonable that 
a supplier should lose more “rating 
points” for a very unsatisfactory lot 
than could be gained from a very 
good lot. If this were not the case, 


then good lots would tend to cancel 
out unsatisfactory lots, with the re- 
sult that an average rating would 
be obtained. Additional justification 
for this lies in the fact that a cus- 
tomer suffers more inconvenience in 
the form of production delays, added 
inspection costs, and material con- 
trol problems as the consequence of 
a rejected lot that he can hope to 
make up for by the receipt of an 
exceptionally good lot. 

This problem was solved through 
the use of a test of significance for- 
mula. For the purpose of rating a 
single lot, we computed the follow- 
ing statistic: 


(1) 


the percent defective of 
the sample quantity in- 
pected 


the AQL percent 


where p 


p’(100—p’) 


\ n 


the standard deviation 
cf p 


n the sample size 


This provided an equitable method 
for rating any one lot; however, the 
form of the answer was not satis- 
factory. It was necessary that the 
rating be presented on an easily 
understood scale. Moreover, it was 
felt that the concept of a “t” value 
might be foreign to the personnel of 
the Purchasing Department and the 
vendor. It was decided, therefore, 
to change the scale to a lot rating, 


LR, such that 
LR 70—10t (2) 


In this way, any lot with a percent 
defective equal to its AQL would 
receive a rating of 70. Assuming a 
significance level corresponding to 
2 o, significantly good lots (t = -2) 
would have a rating of 90 or more 
and significantly bad lots (t = +2) 
would receive a rating of 50 or less. 
The final form of the lot rating was 
then 


p—p’ 
p’(100—p’) 
\ n 


After the system for rating a sin- 
gle lot was devised, it was necessary 
to consider the interval to be cov- 
ered by the rating, how to take into 
account the fact that there are vary- 
ing numbers of lots supplied by each 
vendor during a given interval and, 
finally, whether the results were to 
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be cumuwative. Moreover, it was 
necessary that the Vendor Quality 
Rating System be adaptable to all 
types of vendors; it must be equally 
applicable to the large supplier and 
the vendor who makes small and 
infrequent shipments—to the vendor 
who supplies many different kinds of 
items as well as the vendor who 
supplies one or two types of items; 
and the ratings must be in the form 
of values that are readily compar- 
able. It was decided to rate all 
vendors once each month on the 
basis of all shipments received dur- 
ing that time and that these results 
would not be cumulative but, rather, 
each vendor would have a chance 
for a fresh start each month. 

It was felt that for vendors sup- 
plying lots of equal size to the 
same AQL, the greatest significance 
should be given to the vendor sup- 
plying the most lots within the given 
period of time. Our conclusion was 
that the proper approach was to 
compute, for each vendor, the aver- 
age “t” value for all lots received 
that month. It then becomes neces- 
sary to test the significance of t, 
and this test yields the final monthly 
rating for the vendor. The test is as 
follows: 


. but t 0, a, 1, so 


OO 


(4) 


Oo, 


1 
\/N 


a (t)\/N 
where N number of lots submitted 
by the vendor during a given month. 


Then 


QUALITY RATING QR 
70 — 10t” 


70 + (= LR 

\ N 
With these concepts in mind, we 
proceeded with the problem of 
gathering data and calculating the 
results. 


APPLICATION OF IBM 


From the outset, it would seem 
that the number of calculations in- 
volved in computing the quality 
rating of each lot, and then the 
monthly quality ratings, would be 
tremendous since approximately ten 
thousand lots are received each 
month. Naturally, we wanted to 
keep the cost of the program to a 
minimum. It was at this point that 
we began to investigate the pos- 
sibility of utilizing IBM machinery. 
The two main advantages in using 
IBM equipment were, first, the ease 
with which the information could 
be entered into the IBM cards for a 
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Figure 1—Lot-rating information is key-punched into an IBM card for a condensed but com 


plete record of vendor quality. 


permanent record and, second, the 
many ways in which these cards 
could be rearranged for purposes of 
analysis (i.e., by part number, by 
vendor, by date, etc.). 

With the cooperation of an IBM 
representative and the people in our 
plant using IBM equipment, we de- 
signed our card form, hired a key- 
punch operator, purchased the re- 
quired control panels, and began 
taking data. The following procedure 
for accumulating and processing 
data was established. 

All incoming inspectors’ reports 
and all reject tickets are picked up 
daily. Inspectors in the field mail 
in their reports to be included in 
the system. 

A Lot Rating card (See Figure 1) 
is punched for each lot received. 
The following information is key 
punched into the card: vendor, part 
order number, 


number, purchase 


receiving ticket number, date of in- 
spection, AQL, lot size, sample size, 
number of defectives, and disposi- 
tion of the lot. 

For those lots that are rejected on 
sample inspection, the disposition of 
the material review board is key 
punched, and an additional card stat- 
ing the exact cause of rejection is 
made (See Figure 2). These addi- 
tional cards are kept separate for 
further explanatory use in dealing 
with vendors whose lots have been 
consistently unacceptable (See Fig- 
ure 3). Due to the capacity limits 
of the IBM Tabulator, the cause of 
rejection information on this card is 
limited to no more than 43 columns 
of one numerical or aphabetical 
character. 

The Lot Rating cards are sorted 
in the IBM Sorter into AQL groups 
(1%, 24%%, and 4%). A master card 
containing \/ p’(100-p’) is placed in 

at 
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Cause of Rejection Monthly Runoff 


Figure 3—At the end of each month a tabulation is made of the rejection of those vendors 
whose ratings indicate need for corrective action. This tabulation shows specific defect 


information 
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Figure 2—Information on specific causes of rejection is key-punched on IBM cards for use 


in effecting corrective action. 


front of each group and the cards 
are then placed in an IBM Calcula- 
tor which computes the Lot Rating 
as per (3). The results are obtained 
at the rate of one every eight sec- 
onds. 

The cards are then placed in an 
IBM Interpreter, a machine that 
prints at the top of the card the in- 
formation that is punched into the 
body of the card. 

At the end of each day all new 
cards are sorted into vendor order 
and merged on the Collator with the 
cards made thus far in the month. 

At the end of the month all cards 
are placed in the IBM Tabulator, a 
machine that can either list the in- 
formation from each Lot Rating 
ecard, or print the accumulated in- 
formation of each vendor. 

The tabulation (See Figure 4) 
obtained from this machine contains 
the vendor’s name, the number of 
lots received from him, the number 
of lots rejected, with their disposi- 
tion, the number of pieces received, 
the number inspected, the number 
rejected, and the sum of the quality 
ratings of all of his lots. This listing 
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is used to calculate the monthly rat- 
ing of the vendor. Using a graph 
which is a family of curves from 
N 1 to N 25 (where N equals 
number of lots received) the rating 
given in Eq. (5) is obtained. Those 
cases where N exceeds 25 are han- 
dled on a calculator. Here again, 
the result is transposed to a 0-10) 
scale for the sake of presentation. 


UTILIZING THE RESULTS 

The results of these ratings are 
posted to a 9 x 12-foot board (See 
Figure 5) which has one Vendor 
Quality Rating card for each vendor. 
In using the statistic “t” we have 
assumed, in both cases, that its dis- 
tribution is normal. As a result of 
this assumption and our choice of a 
scale for the presentation of final 
results, all cards have control limits 
at exactly the same points, namely 
50 and 90, since these two figures 
represent the +2-o limits regardless 
of lot size, sample size, AQL’s, or 
number of lots received. This uni- 
formity of control limits greatly 
simplifies the interpretation of these 
cards for those not too familiar with 


quality control prvocedures. Al- 
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Vendor Quality Monthly Runoff 
Figure 4—This tabulation provides easily available information on overall vendor quality. 
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though values in excess of 100 and 
less than zero do occur, they are 
never posted as such. 

The ratings are posted in the fol- 
lowing manner: There is a graph on 
each of the cards (See Figure 6) 
with a range from 0 to 100 in incre- 
ments of ten. Vendors with ratings 
between 50 and 90 are within the 
+2-o6 range and there is no evidence 
to substantiate that they are not 
supplying material at the AQL per- 
cent defective. Green markers are 
placed on cards with ratings in this 
range to indicate that the vendor is 
supplying acceptable quality. Ven- 
dors with ratings above 90 are sup- 
plying material that is significantly 
lower than their AQL percent defec- 
tive and gold markers are placed on 
the cards to indicate this fact. 

Vendors with ratings below 50 
are supplying material significantly 
higher than their AQL percent de- 
fective and an orange marker is 
placed on these cards to indicate 
poor product quality. 

Where a vendor rates below 50 for 
three consecutive months his card is 
tabbed with a red marker; it is these 
vendors on which we concentrate. 
This choice of three successive 
months below 50 was an arbitrary 
one made for the purpose of bring- 
ing the number of objectionable 
vendors down to a reasonable figure 
from the standpoint of possible cor- 
rective action. 

After posting all of the ratings to 
the board, the IBM Lot Rating cards 
of the red marker vendors from the 
last month are selected along with 
their Cause or Rejection cards. The 
complete information on the re- 
jected parts is then listed for each 
vendor using the IBM Tabulator. 
These listings are analyzed to see if 
certain specific parts are causing 
trouble, or if a vendor is having 
trouble with some general Bendix 
Radio Standard on all parts. 

We use these listings of factual 
information when we work with our 
Purchasing Department to correct 
conditions of objectionable vendor 
quality. When we are dealing with a 
vendor on a question of quality we 
can use our IBM Lot Rating cards 
to tell whether another vendor has a 
better history on the part in question 
—useful knowledge if the vendor 
feels he cannot correct the objec- 
tionable condition. 


BY-PRODUCTS 


An interesting by-product of the 
Vendor Quality Rating is its useful- 
ness in the reduced inspection pro- 
cedure. MIL-STD—105A, which is 
used at Bendix Radio, provides for 
reduced inspection when the last 
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Figure 5—The focal point of the system is the Vendor Rating Board. The board contains a 
rating history card for each of Bendix Radio's 800 active vendors 
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Figure 6—This vendor quality rating card is typical of the hundreds posted on the Vendor 


Rating Board 


ten lots of a part have been accepted 
and the process level of the part is 
significantly lower than its AQL 
Our method of 
whether the process level is signifi- 
cantly less than the AQL. We use 
our Lot Rating cards as follows 
Each rating is entered on a Part 
History card from a daily runoff of 
our results from inspection. There 
is a sum of the Lot Ratings for the 
last ten lots which, if exceeded, will 
allow the employing of reduced in- 


rating also tests 


spection. This is calculated as fol- 
lows: The Government level of sig- 
nificance is at 0.00135, or at a —3-o 
deviation. This 
quality rating of 109 for the last ten 
lots. Substituting this in Eq. (5), 
gives 


corresponds to a 


\ o (2L® 70 ) 


\ 10 j 
from which © LR 794.9 or ap- 
proximately 800. We keep a run- 
ning total of the quality ratings of 
the last ten lots and if the sum ex- 
ceeds 800, we go to reduced inspec- 
tion on that part. 

The coordination of a vendor rat- 
ing system such as this with the cer- 


100 70 


tification program of the Electronics 
Technical Committee is an interest- 
ing possibility. It would be neces- 
sary for a vendor to consistently 
merit at least a green sticker, a rat- 
ing between 50 and 90, before his 
quality certificate could be accepted 
at face value. 

Certainly, the Bendix Radio Ven- 
dor Quality Rating System is only 
one of many possible systems for the 
purpose. We feel, however, that it 
has some unique advantages, par- 
ticularly for use where the volume 
of incoming materials and the num- 
ber of vendors are large. 





QC Techniques For Inspecting Clerical Work 
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Techniques for statistical quality 
control have developed in two prin- 
cipal directions corresponding to 
two different types of inspection: 
(1) acceptance inspection, and (2) 
These two as- 
pects of quality control have been 
kept more or less distinct in appli- 
cations to factory operations. In 
more recent years, the distinction 
appears to have been lost now and 
then, particularly in applications to 
clerical work. The present author 
has probably contributed to the con- 
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fusion, and offers this paper with a 
view of helping clarify the objec- 
tives that various types of tech- 
niques are best suited to achieve. 
The discussion will be in broad, gen- 
eral terms without much attention 
to specific problems or procedures. 


INSPECTION PROCEDURES FOR 
FACTORY WORK 


Acceptance inspection includes 
procedures to determine whether a 
lot is of acceptable quality from the 


standpoint of meeting some func- 
tional requirement. Since the de- 
termination for large lots is usually 
based on the quality found in a 
sample of each lot, the procedure for 
selecting the pieces to be inspected 
in the lot is commonly called accep- 
tance sampling. Acceptance inspec- 
tions are usually confined to one or 
both of two occasions: (1) when a 
lot is received from an outside sup- 
plier and (2) when a lot is ready 
for shipment to an outside pur- 
chaser. If incoming material is re- 
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jected on the basis of a sample in- 
spection, it may be inspected and 
sorted 100 percent or returned to the 
vendor, depending on the terms of 
the contract or other considerations. 
If outgoing material is rejected, it is 
usually inspected and sorted 100 
percent in the department respon- 
sible for the defects that led to the 
rejection 

The selection or design of a samp- 
ling plan for making decisions as to 
whether a lot is of acceptable quality 
or not is part of the job of the quality 
control engineer, But the problem of 
defining what quality level is accep- 
table with respect to either incoming 
or outgoing material is not a statis- 
tical problem (although statistical 
analysis is sometimes helpful), but 
primarily a problem for the design 
engineer. He must specify what tol- 
erance limits are permissible and 
what proportion of defective material 
is permissible, after giving due con- 
sideration to the function the out- 
going material is to perform, ma- 
chine and operator capabilities and 
limitations, costs of incoming ma- 
terial, the market for the outgoing 
product, competitors’ prices, and so 
on. The quality cont: vl engineer can 
supply facts, particularly as to ma- 
chine and operator capabilities, that 
should be considered in setting up 
the tolerance limits; but the final 
responsibility for those limits lies 
elsewhere. 

This determination of tolerance 
limits to insure that incoming or 
outgoing material meets functional 
requirements, and the sampling and 
inspection procedures to insure that 
the material meets the specifications, 
might all be included under the gen- 
eral term material control. 

Process inspection is something a 
little different. It includes pro- 
cedures to determine whether varia- 
tions in the quality of pieces pro- 
duced by some operation are ex- 
cessive from the standpoint of ma- 
chine and operator capabilities. The 
determinations may be made on the 
basis of 100 percent inspection, or 
on the basis of sample inspections. 
To avoid confusion, sampling for 
this purpose should be called process 
sampling, and not acceptance samp- 
ling. Process inspection may follow 
any operation where such inspection 
seems desirable to prevent an exces- 
sive number of defective pieces. 

The determination of whether 
variations in quality are excessive 
from the standpoint of machine and 


operator capabilities is not neces- 
problem, It so 


sarily a_ statistical 
happens, however, that a statistical 
device, called the control chart, ap- 
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pears to provide better solutions of 
this problem in many instances than 
anything else yet invented. This 
control chart rests on an important 
statistical principle as _ follows: 
When variations from the mean of a 
distribution are each the sum of a 
large number of relatively small 
components arising from independ- 
ent chance causes, these variations 
(under most conditions) will tend 
to have a normal bell-shaped dis- 
tribution. The philosophy of process 
control makes use of this principle. 
As long as variations in quality are 
due to a large number of small 
chance causes, the elimination of 
any one or two causes will not effect 
enough improvement in quality to 
warrant the required effort and ex- 
pense. The process is then said to be 
in statistical control. This condition 
is assumed to exist as long as the 
observed quality remains within the 
control limits as just described. If 
the observed quality level falls out- 
side the control limits, however, it 
is assumed that something more 
than chance causes is operating. 
An assignable cause is assumed to 
be present, which is worth while 
looking into and removing if pos- 
sible. 

Extensive experience in factories 
indicates that the underlying con- 
ditions are usually such that varia- 
tions in quality actually tend to 
have a bell-shaped normal distribu- 
tion when important causes of 
variation are absent. More recently 
there is evidence that the same thing 
is often true even when the varia- 
tions are mostly due to human 
fallibility, as in clerical work. In 
these situations, the foregoing phil- 
osophy of process control can be ap- 
plied. 

The control chart approach ap- 
pears to be the best yet devised in 
three different aspects of process 
control. First, it enables the quality 
control engineer to set an objective 
standard of quality that is within 
the capabilities of the machine and 
the operator. This standard is the 
level of quality that is attainable 
when assignable causes are absent, 
and the variations in quality have a 
normal bell-shaped _ distribution. 
Second, it provides a quick and 
simple way of arriving at decisions 
as to when to teke action to elimi- 
nate causes of errors and when to 
“let well enough alone.” All one 
has to do is look at the chart to see 
whether the process is in control. 
Third, it provides a powerful incen- 
tive to improve the quality level. It 
creates interest on the part of the 
operator and the foreman, and di- 


rects efforts to improve quality into 
areas where they are likely to be 
most rewarding. 

To recapitulate, sampling pro- 
cedures can be employed in both 
material control and process con- 
trol; but acceptance sampling differs 
from process control in certain im- 
portant respects. Acceptance samp- 
ling tests whether the quality level 
is within tolerance limits fixed by 
the design engineer on the basis of 
functional requirements. This test is 
usually applied to either incoming 
or outgoing material. Process samp- 
ling tests whether the quality level 
is within control limits computed 
by the quality control engineer on 
the basis of a statistical analysis to 
determine the capability of the pro- 
cess. This test can be applied to op- 
erations where a number of similar 
items are being produced. 


INSPECTION PROCEDURES FOR 
OFFICE WORK 


Acceptance inspection and process 
inspection correspond roughly to two 
broad types of verification normally 
performed in the accounting depart- 
ment of -a business organization. 
Process inspection corresponds to 
the day-to-day verification as the 
original work is performed, in order 
that the supervisor may keep in- 
formed as to whether he and his 
people are doing a good job. Ac- 
ceptance inspection corresponds to 
the occasional audits made by a 
staff accountant or outside auditor 
to assure top management, stock- 
holders, and creditors that the fina! 
result is substantially correct. The 
design engineer corresponds to the 
methods accountant who coerdi- 
nates the functions of different sec 
tions and divisions, and who is prob- 
ably in the best position to specify 
the tolerance limits for work flow- 
ing from one section or division to 
another and for the final product— 
reports, statements, and customers’ 
bills. A quality control accountant 
or statistician, on the other hand, is 
better qualified to determine the 
capabilities of clerical forces with 
respect to the accuracy of original 
work consisting of repetitive opera- 
tions and to define what constitutes 
a good job in this respect, He is also 
better qualified to establish sampling 
procedures to test whether the tol- 
erance limits specified by the meth- 
ods accountant are being met, and 
he may make valuable contributions 
toward the establishment of verifi- 
cation procedures for this purpose. 

The distinction between 
tance inspection and process inspec- 
tion in early applications to factory 
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operations appears to have been a 
natural result of inspection proce- 
dures and policies of the United 
States Army and Navy in procuring 
ordnance during World War II. The 
Army and Navy inspectors were 
concerned with whether material 
purchased met the specified require- 
ments with respect to quality. To 
find out, they inspected samples, 
and made decisions to accept or re- 
ject large lots on the basis of the 
Dodge-Romig tables prepared by 
the Bell Telephone Laboratories and 
other tables later devised to serve 
their particular purposes. The func- 
tion of these inspectors was accep- 
tance inspection, and nothing else. 
The earliest experiences of many 
factory managers with modern ac- 
ceptance sampling techniques came 
about through discussions and argu- 
ments with these military inspectors. 
When managers objected to specifi- 
cations or inspections as being too 
rigid, process control techniques 
were advanced as a means of over- 
coming difficulties; and possibly in 
some instances the acceptance in- 
spection procedures were purposely 
formulated to favor the manufactur- 
er with adequate process control 
procedures. Thus, acceptance inspec- 
tion was identified with the functions 
of the outside inspector; process 
inspection with the functions of the 
inspector on the factory payroll. The 
distinction was maintained in the 
courses sponsored by the U. S. Gov- 
ernment in which many of the foun- 
ders of the American Society for 
Quality Control received their early 
training. 

In applications to office work, 
however, the urge to employ quality 
control techniques has come from 
within the organization itself, and 
not from the outside. In the Illinois 
Bell Telephone Company, the objec- 
tive in connection with the first ap- 
plication was to minimize the amount 
of verification necessary to maintain 
a level of quality prescribed by 
higher management. Some applica- 
tions elsewhere seem to have had a 
similar objective. The disadvantage 
of this approach is that it ignores the 
possibilities of the control chart as a 
means of determining process capa- 
bilities and of bringing the actual 
level of quality up to its potential 
level. 


DIFFERENCES BETWEEN 
CLERICAL ERRORS AND 
FACTORY DEFECTS 

In using the control chart ap- 
proach to analyze clerical errors, 
however, it seems important to rec- 
ognize certain respects in which 
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these errors may differ from factory 
defects, as follows: 

1. The error ratios may be much 
smaller than the ratios of de- 
fective pieces to total pieces in 
many factory operations. 
Differences in experience of the 
operators may be more im- 
portant than in factories. 

3. Working conditions may differ 
considerably from one group of 
workers to another. 

. The human element is impor- 
tant. 

The sizes of the error ratios are 
important because clerical 
work is such that the p-chart is the 
only practical way of using the con- 
trol chart approach. If the expected 
error ratio is small, and if each point 
plotted on the control chart repre- 
sents a ratio computed for a small 
number of verified items, the distri- 
bution of the points will be extreme- 
ly skewed, and the probability that 
a point will lie outside the 3-0 limits 
will be rather large even when no 
assignable cause is present. The dif- 
ficulty will be largely overcome i‘ 
the number of items used to com- 
pute each error ratio plotted on the 
chart is sufficiently large so that the 
expected number of errors—that is, 
the product usually designated as 
np’—is as large as five, or better, as 
large as ten. In the Illinois Bell Tel- 
ephone Company, this fact is used as 
a guide, and not as inflexible rule, in 
constructing p-charts 

Differences in experience of the 
operators are important on many 
routine clerical operations because 
of relatively high labor turnover due 
to promotions, resignations, and oth- 
er reasons. In such situations, it 
seems desirable to establish differ- 
ent control limits for different levels 
of experience. Moreover, subject to 
the rule or guide set forth in the 
preceding paragraph, the number of 
verifications used to establish a point 
on the control chart should not be 
too large. The reason for this is 
that the control chart tests a hypoth- 
esis that is never strictly true. This 
hypothesis states that the process 
produces work units that are hcmo- 
geneous with only chance variations 
in quality between different oper- 
ators, different machines, and differ- 
ent periods of time. Actually, no two 
operators, two machines, or two pe- 
riods of time are exactly alike in all 
respects, and averages of sufficiently 
large numbers of observations will 
these differences, however 


most 


reveal 
slight. 

Differences in working conditions, 
as well as operator experience, may 
need to be taken into account in 


making comparisons between opera- 
tors or groups of operators. A ques- 
‘ion frequently arises as to when 
different values of p’ should be es- 
tablished for different operators or 
groups of operators, As a guide to 
answering questions of this kind, it 
seems desirable to group assignable 
causes into two classes: tractable 
causes, and_ intractable 
Tractable causes are those that can 
be removed or corrected. Intractable 
causes are those that can not be 
cured or corrected. The classifica- 
tion may depend on the level at 
which comparisons are made. Thus, 
differences in types of machines may 
constitute an intractable cause at 
the level of the operator or first line 
supervisor, where nothing can be 
done to replace an inferior machine 
with a better one. In that case, dif- 
ferent values of p’ should be estab- 
lished for different types of ma- 
chines. The office manager, on the 
other hand, may have complete au- 
thority to replace machines as he 
deems advisable. At that level of 
management, the cause might be 
considered to be tractable. In that 
case, comparisons between offices 
might be made on the basis of a 
common value of p’, representing 
the quality level that can be at- 
tained when machines of the best 
type are used. In general, allow- 
ances or adjustments are made for 
intractable causes, but not for tract- 
able causes. 

Here again, points outside the con- 
trol limits may be expected rather 
frequently if the number of observa- 
tions underlying each point is very 
large. Points based on moderately 
large numbers of observations, how- 
ever, may be surprisingly homo- 
geneous. Thus, analyses of the work 
of keypunch operators on tabulating 
machine equipment indicate that the 
quality of the work of good operators 
is fairly homogeneous, and _ that 
points outside the control limits are 
infrequent even when each point 
represents several thousand cards. 
Similarly, an analysis of the errors 
made by American League outfield- 
ers during the year 1951 showed that 
if the fielding average for each out- 
fielder for the entire year were 
plotted as a single point on a con- 
trol chart, then only one point rep- 
resenting more than 16 fielding 
chances would lie outside the 3-0 
control limits computed in the usual 
manner, 


U.C.L. 
L.C.L. 


where 


causes. 


p + 305, 


p — 3», 


\V pq/n. 
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Moreover, the values of the “normal 
deviates,” computed from the for- 
mula 
u (p — p) / o, 

showed a tendency toward the nor- 
mal distribution. These results sug- 
gest that when the distribution does 
not appear to be more or less of the 
normal bell-shaped form, there are 
likely to be assignable causes worth 
investigating; and that the 3-o limits 
may be satisfactory as control limits 
for work where quality depends 
largely on the skill of the operator. 

The human element is especially 
important in office work because op- 
erator skill and performance plays 
a larger part in determining quality 
than in many factory operations, 
where the machine or tool may be 
equally or more important. Since 
the part played by the operator is 
generally recognized, care must be 
exercised to see that the expected 
levels of quality are accepted by the 
operators as being reasonable and 
fair, and that no change in levels 
once established is made without 
their consent. Discussions of qual- 
ity control methods in simple lan- 
guage, in a friendly atmosphere 
where questions are invited, are con- 
ducive to getting this acceptance 
when the expected quality levels are 
established by the control chart ap- 
proach. 


The human element is also im- 
portant in choosing the risks where 
sampling techniques are employed 
to judge the quality of the work of 
a particular operator, or the effec- 
tiveness of management with re- 
spect to some particular index. When 
an operator, supervisor, or execu- 
tive at any management level is 
judged to be doing a poor job on 
the basis of an inadequate sample, 
there is a serious loss in terms of 
morale and effectiveness that is none 
the less real and expensive because 
it is difficult to measure. The risks 
of error of this kind should be kept 
very small. A good rule is to make 
them about the same as for the con- 
trol chart with 3-o limits. 


SCREENING PROCEDURES 


To complete the discussion, men- 
tion should be made of an inspection 
procedure that is somewhat differ- 
ent from either acceptance inspec- 
tion or process inspection. This pro- 
cedure might be called screening 
inspection. Its purpose is to screen 
the product in order to bring the 
actual number of defective items 
down to some predetermined toler- 
ance limit. Thus, if the control lim- 
its determined statistically are out- 
side the tolerance limits prescribed 
by the design engineer or the meth- 
ods accountant, it will be necessary 


to screen out a proportion of the 
errors made in the original work in 
order that the errors in the final 
product may not be excessive from 
the functional viewpoint. What are 
known as continuous sampling plans 
have been designed by Dodge* and 
others in order to accomplish this 
purpose most economically. These 
plans are useful where the propor- 
tion to be screened out is not too 
large. 

Among quality control engineers, 
however, there is a strong belief 
that when tolerance limits must be 
fixed inside the control limits rep- 
resenting the natural variability of 
the process, there is something 
wrong—either in the specifications 
with respect to the tolerance limits 
or in the process design. It might 
be well for methods accountants to 
consider this philosophy in design- 
ing office operations, If the pre- 
scribed method cannot result in the 
kind of accuracy which the job re- 
quires with the verification of only 
relatively small samples of the orig- 
inal work, there may be something 
wrong with the method or the speci- 
fications with respect to accuracy. 


*H. F. Dodge, “A Sampling Inspection Plan 
for Continuous Production,” Annals of 
Mathematical Statistics, vol. 14, (1943), 
p. 264 ff. (Also Industrial Quality Con- 
trol, Vol. IV, No. 3, Nov. 1947, p. 5.) 
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FOREWORD 


In this paper the writer has attempt- 
ed to set forth what to him are the 
essential characteristics of the field of 
Operations Research as it may be ap- 
plied in industry. The paper was pre- 
pared in connection with the forma- 
tion of a Sub-Committee for Opera- 
tions Research under the Automotive 
Technical Committee of the Ameri- 
can Society for Quality Control. 

The author wishes to acknowledge 
the valuable assistance of W. L. 
Johnson and R. W. Schneider, mem- 
bers of the Willys Motors Operations 
Analysis Section, and in particular to 
give them a large measure of the 
credit for development of the sales 
forecasting technique which is de- 
scribed. 

D. F. Boyd 


MAY, 1955 


SOME PROPOSED DEFINITIONS 
OF OPERATIONS RESEARCH 
In outlining a scientific field or 

other organized body of knowledge it 
is customary to preface such a de- 
scription with a definition. In the 
case of Operations Research, there is 
as yet no generally accepted defini- 
tion. This fact is in itself a clue to 
two characteristics of Operations Re- 
search. First, the wide scope and 
great potential of the field, and sec- 
ondly, the fact that Operations Re- 
search is as yet in a fluid and forma- 
tive state with respect to its formal- 
ization into an applied science. 

A number of definitions have been 
proposed, however, three of which 
are listed below: 

*Mr. Boyd was with the Willys Motors 


Inc., Toledo, Ohio, at the time this manu- 
script was prepared 


Industry 


. “Operations Research is a scien- 
tific method of providing execu- 
tives with a quantitative basis 
for making decisions with regard 
to operations under their con- 
trol.”‘)) 


2. “Operations Research may be 
regarded as a systematic at- 
tempt to provide the tools for 
solving problems of organized 


complexity.” '? 


3. “Operations Research is the ap- 
plication of the methods of an- 
alysis of physical science to the 
solution of administrative prob- 
lems involved in the control of 
industrial, governmental, or 
military operations.” ‘*) 


All three of the above definitions 
throw some light on the subject but 
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it will be noted that they differ both 
in emphasis and scope. With regard 
to its application in industry, the 
writer has a personal preference for 
the last of these definitions as being 
most descriptive of Operations Re- 
search 

In any event, none of the defini- 
tions in itself offers a very satisfying 
grasp of what Operations Research is 
about to a person unfamiliar with its 
techniques and uses. A better under- 
standing is probably best conveyed 
by listing some of the things which 
characterize Operations Research. 


Before attempting this, however, it 
might be well to give a very brief 
historical sketch of the origin and 
growth cf Operations Research 


HISTORICAL SKETCH 


The first applications of Operations 
Research as such, took place in Great 
Britain during World War II and 
were almost exclusively in the area 
of military operations. In fact the 
term “operations” in its original us- 
age referred specifically to an opera- 
tion in the military sense 


A very early application took place 
in 1941 in connection with the use of 
the then newly developed radar in 
the defense of Great Britain against 
aerial attack. The British military 
services being unfamiliar with this 
new detection device enlisted the 
services of the scientists who had 
developed it to determine how it 


could best be applied. 


These men approached this project 
as simply another problem in scien- 
tific research and applied the tech- 
niques and methodology in which 
they were trained to arrive at the 
most effective use of radar in the de- 
fensive situation which then existed. 
This they did with such remarkable 
success that additional teams of 
scientists were organized to study 
other phases of military operations 
and recommend means for better 
utilization of weapons and improved 
tactics 

The American military forces 
quickly adopted this same method of 
utilizing scientific analysis of opera- 
tions and made an increasing use of 
Operations Research teams through- 
out the war. Operations Research 
played an important role in the de- 
velopment of improved search and 
detection tactics in the antisub- 
marine war and the attainment of 
improved bombing accuracy of the 
AAF, to mention two examples of 
application by American forces dur- 


ing World War II. 
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These contributions of Operations 
Research to the effectiveness of mili- 
tary operations were of such impor- 
tance that the military services, who 
were at first skeptical, now regard 
Operations Research as a necessity. 
A major portion of the activity in the 
field today is supported by the serv- 
ices. It is estimated'‘’ that at present 
over 700 persons in this country are 
actively engaged in military Opera- 
tions Research either in groups 
which are an integral part of the 
military services or in civilian agen- 
cies under contract to the govern- 
ment. 


With regard to the growth of 
Operations Research in _ industry, 
many of the scientists who had par- 
ticipated in military teams during the 
war, returned to their civilian pur- 
suits convinced that they had helped 
to create a new field of applied 
science which had equally great pos- 
sibilities in improving industrial and 
business operations. Since the war 
there has been a rapid growth in the 
number of firms organized to per- 
form Operations Research and in the 
number of industrial companies 
which have formed their own Opera- 
tions Research groups. As a result, 
possibly 1000 operations analysts as 
such, or under other names, are en- 
gaged in industrial applications at 
the present time 


THE MEANING OF “OPERA- 
TIONS” AND “RESEARCH” 

Operations Research is research 
applied to operations. This appears 
to be a straightforward statement but 
like the definitions of Operations Re- 
search listed above, can mean differ- 
ent things to different people de- 
pending on the individual conception 
of the terms “operations” and “re- 
search.” Accordingly, it is necessary 
to examine the meanings associated 
with both words in their applicaticn 
to the field of Operations Research 


“Operations” 

As pointed out earlier, the term 
“operations” was originally used in 
its military sense; i. e., the carrying 
out of an organized military action or 
a part of such an action. With the 
growth of Operations Research to in- 
clude application in industry and 
government as well as to military 
problems, the term “operations” has 
taken on a more general meaning 
and may be considered to include the 
whole of any organized repetitive 
activity. Thus as applied to an indus- 
trial organization, operations refer to 
the functioning of the entire business 


organism and in this sense has a 
breader meaning than “factory oper- 
a‘ions” or “sales department opera- 
tions.” 

To quote a recent paper by Messrs. 
Hermann and Magee on the sub- 
ject:'"? 


“Operations are considered as an 
entity. The subject matter stud- 
ied is not the equipment used, 
nor the morale of the partici- 
pants, nor the physical proper- 
ties of the output; it is the com- 
bination cf these in total, as an 


economic process 


Accordingly, an application of Oper- 
ations Research to a problem of a 
manufacturing organization concerns 
itself with the implications of the 
problem through the interre!ation- 
ships and interactions of all parts of 
the business enterprise 


“Research” 

“Research” is a term which has 
taken on many meanings. As com- 
monly used, it often refers only to 
the process of accumulating or or- 
ganizing information on a _ subject 
from existing sources or to the rou- 
tine testing and development of an 
existing product 

“Research” as used in Operations 
Research is neither of these things 
but is research in the sense in which 
the term is used in the physical 
sciences; i. e., the application of “the 
scientific method.” This refers to the 
methodology and the mental process 
through which the physicist, for ex- 
ample, seeks to arrive at a quanti- 
tative understanding of the underly- 
ing system of causes which produce 
the observed facts of a phenomenon 
It involves the formulation of a hy- 
pothesis or theory, the testing of such 
a theory by whatever means are 
available, modification of the theory 
or development of a new theory 
based on the results of such tests, 
and so on, until he has arrived at a 
“model” or analogue which will pro- 
duce the observed results with suffi- 
cient accuracy for his particular pur- 
pose. Thus “research” in Operations 
Research implies the obiective and 
systematic anproach of the vhysical 
scientist in the analysis of the prob- 
lem at hand. 


From the above discussion of “op- 
erations” it is evident that the area of 
application of Operations Research in 
industry is dynamic and _ usually 
complex, involving as it does the 
repetitive interactions of the people, 
machines. and economic pressures 
which charac‘erize a manufacturing 
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AN ADVENTURE 


in SILICON 


One example of junction technol- 
ogy at Bell Laboratorie s Here a 
junction is produced on the sur- 
face of silicon by bombardment 
with alpha particles. Bombard- 


ment enhances silicon’s perform 


ance 


frequencies, 


( Pas day in the ‘thirties a revolutionary ad- 


venture began for Bell scientists. They were 


testing an experimental silicon crystal they 


had grown to make microwave detectors. 


Intriguingly, they found that one end of 
the crystal conducted by means of positive 
charges, the other end with negative. Posi- 
tive and negative regions met in a mysteri- 
ous barrier, or junction, that rectified, and 
was sensitive to light. It was something en- 


tirely new ... with challenging possibilities. 


The scientists went on to develop a theory 
of junction phenomena. They showed that 
two junctions placed back-to-back make an 


amplifier. They devised ‘vays to make re- 


producible junctions. Thus, junction tech- 
nology came into being, and the 20th 


Century had a new horizon in electronics. 


This technology has already produced at 
Bell Telephone Laboratories the versatile 
junction transistor (useful in amplifiers and 
switches) ; the silicon alloy diode (surpass- 
ingly efficient in electronic switching for 
computers); and the Beli Solar Battery 
which turns sunshine directly into useful 


amounts of electric current. 


This is one of many adventures in science 
which make up the day-to-day work at Bell 
Laboratories...aimed at keeping America’s 


telephone service the world’s best. 


(By Bell Telephone Laboratories 
Lr 


Improving telephone service for America provides careers for creative men in scientific and technical fields 





enterprise. The foregoing conception 
of “operations” and “research” sheds 
some light on the subject matter cf 
Operations Research and the general 
method by which it proceeds. There 
are certain other important princi- 
ples which also characterize Opera- 
tions Research. 


APPROACH TO THE FORMULA- 
TION OF PROBLEMS 


A clear formulation of the problem 
is a necessary prerequisite to pro- 
ceeding toward its solution in any 
type of research and this is no less 
true of Operations Research than of 
other fields. However, in most types 
of research the tendency is to at- 
tempt to isolate and restrict the for- 
mulation of the problem to fall with- 
in the specialty or “jurisdiction” of 
the investigator. Thus, a production 
engineer charged with setting up a 
production line designed to produce 
a certain product at a certain rate 
usually does not concern himself 
with a justification of the design 
specifications of the product or 
whether anticipated sales will be suf- 
ficient to justify the productive ca- 
pacity specified, simply because it is 
beyond his experience and authority 
to delve into these matters. 

By contrast with this common ten- 
dency to narrow the scope of the 
problem, Operations Research, in 
formulation of the problem, endeav- 
ors to broaden the scope of the in- 
vestigation to take into consideration 
the widest possible range of its im- 
plications in all areas and ‘all ele- 
ments of the operation and thus cut 
across organizational and functione! 
lines. 

This broad, dynamic approach to 
problems is one of the most impor- 
tant characteristics of Operations Re- 
search but is at the same time cne 
which imposes a considerable de- 
mand on the talents of the researcher 
in two respects 

a. It requires that quantitative 

measures of results be devel- 
oped wherever possible, often 
in areas where “judgment” or 
“common sense” have previ- 
ously been considered the 
only criteria for making deci- 
sions. 
It requires a range of knowl- 
edge and experience in re- 
search techniques which ordi- 
narily exceeds that possessed 
by a single individual. 
These requirements which result 
from the characteristic all-inclusive 
approach of Operations Research 
lead to another characteristic of the 


field. 
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THE OPERATIONS RESEARCH 
TEAM 


Experience has shown that Opera- 
tions Research is most effectively 
carried out by an organized team. 
Such a team is preferably composed 
of individuals whose scientific back- 
grounds are diverse and which tend 
to complement each other. Thus, an 
industrial team might be composed cf 
a mathematician, a physicist, an en- 
gineer, and an accountant. Such a 
combination of scientific disciplines 
accompanied by the more intimate 
knowledge of productive processes 
and financial data on the part of the 
other two members would bring the 
methodology and techniques of all 
four fields to bear on the formulation 
of the problem and its ultimate solu- 
cion, 

It is generally considered desirable 
that one member of the team be well 
acquainted with the area of opera- 
tions being studied but it is not nec- 
essary or even desirable that all 
members have such detailed prior 
knowledge, for much of the power of 
Operations Research stems from its 
objective, scientific approach to prob- 
lems and this attitude is often hin- 
dered rather than helped by a too- 
intimate prior relationship with the 
area in which the problem exists. 

Following a clear and insofar as 
possible an all-inclusive formulation 
of the problem by the team, the next 
step is to abstract from the operation 
studied, the essential facts of its be- 
havior in the form of a “model.” 


THE MODEL 


The concept of physical models is 
a familiar one. The aerodynamist 
constructs a model for testing in a 
wind tunnel to determine in advance 
the flight characteristics of the full 
scale aircraft. The plant engineer 
constructs a model plant layout in 
order to study problems of material 
flow and to check clearances, etc. 

In Operations Research the pur- 
pose of the model is the same, name- 
ly, to assemble in a simplified and 
easily manipulated form an analogue 
which will explain the observed be- 
havior of the actual operation. Mod- 
els in Operations Research may take 
a variety of forms; they may be 
mathematical, graphical or even 
physical. In general, mathematical 
models are constructed whenever 
possible because of the ease and pre- 
cision with which they can be ana- 
lyzed and manipulated through 
mathematical processes. 

The construction of adequate mod- 
els is the major task of the opera- 
tions analyst. 


THE MEASURES OF 
EFFECTIVENESS 

In addition to the construction of a 
satisfactory model, it is necessary 
that an overall measurement of ef- 
fectiveness of the operation be se- 
lected or developed. Arriving at a 
measure by which to judge the de- 
gree to which the operation effective- 
ly meets its goal implies a clear un- 
derstanding of what the goal of the 
operation is. 

It is a surprising fact that often the 
people most intimately involved in 
the operation often find it difficult to 
state in comprehensive terms just 
what the ultimate objective of their 
efforts is and it is important that this 
point be pressed until a clean-cut 
goal is spelled out so that an appro- 
priate measure of effectiveness is de- 
fined. Typical overall goals of an in- 
dustrial enterprise might be stated as 
maximum net profit, minimum cost, 
maximum return on assets employed, 
etc. Goals for individual elements of 
the enterprise might be maximum 
utilization of capacity (or minimum 
idle time), maximum number of or- 
ders filled per stock room employee, 
etc. 

Having thus proceeded through the 
formulation of the problem, the con- 
struction of a satisfactory model, and 
the development of a measure of ef- 
fectiveness, the next step of the op- 
erations analyst is to determine 
through manipulation and analysis 
of the model what combinations, re- 
lative quantities, or rates, or time 
phasing of the elements of the opera- 
tion are required to maximize or op- 
timize the results cf the operation to 
attain or approach its established 
goal. 

An outgrowth of this final step may 
be a relatively simple formula or rule 
often referred to as a “decision de- 
vice,” which may be applied directly 
to the operation or which may be re- 
ferred to by management as an aid 
in arriving at the best possible deci- 
sions in its conduct of the operation 


At this point it might be well to 
emphasize that the function of Oper- 
ations Research is not to attempt to 
manage a business enterprise. The 


final responsibility for decision 
should always rest with the execu- 
tive and often must take into consid- 
eration intangible factors which are 
impossible for the operations analyst 
to evaluate. What Operations Re- 
search does do is to evaluate scien- 
tifically all factors which are meas- 
urable or for which measures can be 
developed and present the result to 
management in an advisory capacity 
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(Ju fi I ‘a T\ {/ Is 
Best Quality 
Finest Quality 


World’s Best Quality ‘ 


High Quality 


Quality Made 








Quality Nuts & Bolts 
Only the finest Quality 


Quality This 


Manufacturers claim it as a part of their products. 
Advertisers speak of it in their promotion. Engineers ask for it 


Quality That 


in specifications. Salesmen sell it. Purchasing Agents buy it. 


But, what is it we’re claiming, speaking of, asking for, selling, 
buying? How do you recognize it? How is it defined? 
The dictionary says quality is “that characteristic which belongs 
to a body or object and renders or helps to render it such as it is.” 
Yet, this definition is no more than a meaningless phrase unless 


quality is interpreted in terms of a product’s conformance to desired specifications. 


For example, suppose you need a spring which must fit in a 
specified space, must provide a specified load at a specified length, 
and must meet various other operating requirements. Suppose 
you establish allowable tolerances for each of these characteristics, 


prepare specifications, obtain competitive bids, and select a supplier. 


If your supplier’s price is in line and if, by using proper testing 
equipment and techniques, and modern methods of Quality Control, 
he is able to deliver springs which meet your specifications— 


he has supplied, and you have purchased, a “‘quality”’ spring. 


If he goes one step further by supplying you with a record of his 


tests (a Quality Report), if you check it by tests of your own and find 


they agree, you not only have “quality’’— you also know that you have it. 


HUNTER SPRING COMPANY 
LANSDALE +» PENNSYLVANIA 





first in... 
glass packaging experience 


Che Duraglas Center is a con- 
centration of scientific forces 
seeking greater efficiency in 
the search for the best glass 
container, the best closure and 
the best carton; the most 
efficient means of using them; 
and the most effective support 
of a broad market develop- 


ment effort for our customers. 


DURAGLAS CONTAINERS 


AN @ PRODUCT 


The Duraglas Center 
World's largest glass container 
research laboratory 


It is largely because of such 
efforts, combined with ad- 
vanced manufacturing tech- 
niques guided by quality con- 
trol, that Duraglas containers 
are now more durable than 
ever before ... and shipping 
performance, once a matter of 
trial and error, has progressed 


to learning-by-engineering. 


Owens-ILLINOIs 


GENERAL OFFICES . TOLEDO 1, OHIO 

















SOME ANALYTICAL 
TECHNIQUES OF OPERATIONS 
RESEARCH 

The observed data with which Op- 
erations Research in industry is con- 
cerned are the data generated by the 
repetitive events which characterize 
a manufacturing enterprise. We gain 
a clue to the analytical techniques 
which are most useful if we consider 
the these events. The 
“scale of events,” or as Gomberg‘®) 
has put it, “The level of the collec- 
tive,’ may be visualized in the form 
of a “spectrum” as shown in Fig. 1. 

The divided bar at the top of Fig. 1 
is an effort to portray a conception 
of a range of interacting particles 
ranging from small individual parti- 
cles on the left to large collections of 
particles on the right. The behavior 
of the individual sub-microscopic 
particles at the left of the spectrum 
is completely indeterminate or ran- 
dom. As we proceed toward the right 
to larger and larger collections of in- 
teracting particles, the behavior of 
the collections become more predict- 
able and finally culminates in collec- 
tions sufficiently large that their be- 
havior in the aggregate follows exact 


“scale” of 


physical laws. 

A physical example of this kind 
may be found in the behavior of a 
gas. The motion of the individual 
molecules is assumed to be complete- 
ly random; however, when any ap- 
preciable quantity of the gas is con- 
fined in a container, the temperature 
and pressure behavior of the collec- 
tion of molecules can be very accu- 
rately predicted by use of the gas 
laws. 


The bar of Fig. 1 has been divided 
into areas designated as I, II, and III. 
The first line of the table below in- 
dicates the characteristic behavior in 
each area. (No such definite boun- 
daries exist in nature, of course.) 
The second line of the table uses the 
language of Dr. Shewhart to classify 
the type of “cause system” which is 
in operation in each area. Finally in 
the third line is indicated the type of 
“laws” which apply to the behavior 
of each area. In the physical world 
we reach Area III by a collection of 
particles which is so small that we 
are seldom if ever aware of the exist- 
ence of Areas I and II in everyday 
life. 

In other fields, however, this is not 
true. As Gomberg points out: 

“In biology and medicine our 

workaday world operates some- 

where between Areas II and III 

Hence the major interest of fa- 

mous statisticians like Fisher and 

Tippett who draw most of their 

examples from biological fields, is 

in biology. In economics we seem 
to be on the borderline of Areas 

I and II. Hence, the sometimes 

amazing discrepancy between 

what a statistician predicts and 
what happens.” ‘®) 

As to the range of “operations” in 
industry the writer would venture 
that the bulk of problems fall into 
Area II with some situations showing 
a capricious behavior bordering on 
Area |. Hence, it is not surprising 
that Operations Research makes ex- 
tensive use of the mathematics of 
probability and statistical methods cf 
analysis. Sampling techniques, the 
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“Operations” 
n Industry 


“Level of the Collective,” 


analysis of variance and covariance, 
non-parametric tests and, I might 
add, control charts are all valuable 
tools in Operations Research. 

While statistical techniques tend to 
predominate in industrial applica- 
tions and the resulting models are 
frequently probabilistic in form, Op- 
erations Research is by no means 
limited to the techniques named. 
Communications theory and the the- 
ory of games, for example, have been 
found useful in certain applications. 


OPTIMIZATION TECHNIQUES 


As mentioned earlier, following the 
development of a model which simu- 
lates the observed behavior of the 
operation, the final step of the analy- 
ist is often the determination of what 
combination of the elements of the 
operation is required to maximize or 
optimize results of the operation to- 
ward attaining its established goal. 

In simple cases this optimum com- 
bination may be readily apparent 
from an examination of the model or 
easily reached by conventional 
methods. In industrial problems, 
however, the operations studied fre- 
quently involve so many competing 
elements with so many imposed lim- 
itations, that the determination of the 
one optimum combination might be 
considered virtually impossible by 
conventional means. 

In situations of this kind, Opera- 
tions Research makes use of a re- 
cently developed technique known as 
“mathematical programming” or 
more specifically “linear program- 
ming.” This remarkable technique 
permits the finding of the “optimum 
program” in situations of great com- 
plexity. Where a great number of 
elements are present, however, the 
use of high-speed computing ma- 
chinery is required as a result of the 
sheer bulk of arithmetic computation 
involved. 


A FORECASTING PROBLEM 


(The application described briefly 
below is included to further illus- 
trate some of the principles listed 
above. The curves shown have been 
altered somewhat to mask the actual 
data but serve to show the relation- 
ships involved.) 

The original objective, as assigned 
to the Analysis group, was to develop 
an improved method for forecasting 
one year in advance the monthly 
sales of a passenger car product line 
manufactured by the corporation. 

Available data consisted of a de- 
tailed monthly breakdown of whole- 
sale and retail sales for the past seven 
years for the product line in question 
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NUMBER TWO IN A SERIES 


hat’s The Best Way 
o Gage These Parts ? 


Tips from Taft-Peirce on 
when and where to use a T-P 
CompAlIRator Air Gage 





Three ID’s 
Tolerance: .120” 


One three dial T-P CompAIRator Air Gage 
checks three ID's simultaneously on this asbes- 
tos cylinder. Only a T-P CompAIRator can 
check such wide tolerances. Versatile as well as 
sensitive, T-P CompAIRator equipment may be 
designed to check most any specific tolerance 
range from .0001” to .125”. And most any dimen- 
sion from simple ID’s ~ OD’s to complex 
tapers, barrel shapes, squareness or ovality. 





Eleven ID’s 
Tolerance: .001” 


One eleven dial T-P Air Electric CompAlI Rator 

uces inspection of 11 ID’s on this valve body 
to a fraction of a second. Lights indicate any 
dimensions out of tolerance. Dials give exact 
readings of size. Savings in time alone paid for 
this unit in short order. Vibration, jarring, tilting 
won't disturb its accuracy. 





Concentricity 
Tolerance: .0002” 


This T-P Computing CompAlIRator indicates 
on one dial the total eccentricity between two 
diameters. Saves multiple measurements and a 
computation. An exclusive ~ P development, 
Computing CompAIRators may also be used to 
speeci and simplify such checks as center dis- 
tance, taper, and squareness of bore-to-face. 





For more examples and the complete WHAT Is A COMPAIRATOR AIR GAGE? 

story on Taft-Peirce CompAlRotor A CompAIRator is a sensitive gaging instrument that measures variations 

Air Gages send for Bulletin. in the velocity of tiny jets of air. When work is placed over these jets, air 
flow is restricted and its velocity reduced. Any change in air velocity re- 
flects a change in part size, which is immediately shown on a calibrated in- 
dicator. Since only air contacts the part in most cases, there is minimum 
wear on gaging members. Fast, accurate, dependable, a T-P CompAIRator 


mews is simple to operate, requires little or no maintenance 
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STANDARD AND SPECIAL AUTOMATIC SORTING AIR ELECTRIC 
COMPAIRATORS COMPAIRATORS MACHINE COMPAIRATORS 


THE TAFT-~PEIRCE MANUFACTURING COMPANY, WOONSOCKET, RHODE ISLAND 
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and competitive sales figures over the 
same period as reported by the stat- 
istical agencies which accumulate 
such data for the automotive indus- 
try. 

It was decided initially to attack 
the problem of developing a model 
which would give a characteristic 
seasonal distribution of annual sales 
by month. In this portion of the 
study a common forecasting tech- 
nique already in use was examined. 
This method was based on using a 
monthly distribution of sales given 
by the “prewar industry average 
trend.” This curve as sketched in Fig. 
2, consisted of a rising trend of sales 
in the spring, reaching a peak in 
early summer followed by a sharp 
dip in late summer, rising sales in the 
fall, and a decline through the winter 
months. 

This pattern when compared with 
historical data for the product line in 
question proved highly unsatisfac- 
tory as a forecasting device. In fact, 
the postwar pattern for the industry 
as a whole has failed to return to any 
trend closely resembling that of the 
prewar period. 

It was felt that one factor in the 
altered postwar industry pattern was 
the fact that in the scramble to get 
back into production of civilian ve- 
hicles, the almost universal custom 
of bringing out new models in the 
fall went by the board. New models 
were introduced in almost every 
month of the year and the period be- 
tween model changes became irregu- 
lar. The implication of the changed 
postwar pattern was that the indus- 
try had, to a degree at least, created 
its own prewar pattern of sales by 
consistently changing models in the 
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This in turn suggested that the 
monthly distribution pattern is large- 
ly a function of two factors: 


a. An underlying seasonal trend 


b. The month in which new 
models are introduced 


In accordance with this hypothesis, a 
model was constructed which is rep- 
resented graphically in Figs. 3 and 4. 

Fig. 3 represents the form of an 
estimated postwar seasonal trend ex- 
clusive of the effect of model changes. 
This was derived by developing a 
parabolic regression line for postwar 
years in which model changes were 
so completely staggered between the 
various producers that they were as- 
sumed to largely nullify each other. 
Fig. 4 represents a “skewing factor” 
for new model introduction and 
shows plus or minus deviation from 
the seasonal trend as a function of 
number of months after new model 
introduction. This curve was ob- 
tained by applying actual annual dis- 
tributions of the product line in ques- 
tion to the postwar seasonal curve, 
noting the deviations and developing 
a curvilinear least-squares line 
through the deviations. 

Having developed the two curves 
described, it was then possible to 
synthesize an annual sales distribu- 
tion pattern for new model introduc- 
tion in any specified month by sim- 
ply superimposing the two curves. 
Following this, distribution patterns 
were developed for each of the years 
for which historical data were avail- 
able. (Fig. 5 shows the pattern for a 
model change in September.) These 
were then superimposed on the ac- 
tual data and checked for “goodness 
of fit.” The results were both sur- 
prising and gratifying. 
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In spite of large volume fluctua- 
tions between years, staggered mod- 
el-change months, and varying inter- 
vals between model changes, the ac- 
tual data followed closely the curves 
synthesized from the model. It was 
realized that this did not constitute 
an entirely independent check since 
the “skewing factor” itself had been 
derived from an average of the ac- 
tual data. However, the fact that all 
individual years conformed closely 
was taken as strong evidence that the 
model was sufficiently valid for pur- 
poses of forecasting. 

A further test for “control” was 
made by applying 2-o limits to the 
distribution patterns. Almost with- 
out exception all points fell within 
limits. This was accepted as evidence 
of an underlying constant chance 
cause system which would justify 
extrapolation of the limits for fore- 
casting future sales. Having thus de- 
veloped what appeared to be a satis- 
factory model for monthly distribu- 
tion of sales, the question of a means 
for estimating annual sales volume 
was considered. 

It was determined from the distri- 
bution study that in the years for 
which data were available, annual 
sales could have been forecast with- 
in +10 to 15 percent by establishing 
the distribution curves as to volume 
level on the basis of the first two 
months experience after model 
change. This degree of forecasting 
accuracy was very substantially bet- 
ter than the actual forecasts made 
during previous years. 

As a further device for determin- 
ing total annual volume, a least- 
squares regression line was estab- 
lished for quarterly sales over the 
entire history of the product line in 
question. Application of 2-«¢ limits 
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Left: Figure 2—Prewar Seasonal Pattern. Right: Figure 3— Postwar Seasonal Pattern, Effect of Model Changes Excluded. 





indicated all points in control which 
again implied an underlying constant 
chance cause system. An extrapola- 
tion of these limits provided an addi- 
tional annual volume criterion as fol- 
lows: 
Since no previous change in sales 
effort or policy and no previous 
model change had ever produced 
a quarter which deviated more 
than two standard deviations 
from the long-range regression 
line, it was considered extremely 
unlikely that any quarter in the 
near future would fall outside 
these same limits. Any forecast 
which assumed a sales volume 
for the near future in excess of 
these limits would imply the 
presence of an assignable cause 
which exceeded in magnitude 
any previous occurrence in the 
history of the product line 


Despite the simplicity of the fore- 
casting model described above, ex- 
perience thus far has indicated that 
it possesses definite advantages over 
methods previously used 


“BY-PRODUCTS” OF THE 
FORECASTING PROBLEM 


In the application just described, 
the initial objective was the develop- 
ment of an improved forecasting 
technique. This objective was met by 
the method discussed. However, in 
the process of developing the fore- 
going technique, a number of impor- 
tant facts and relationships were un- 
covered which suggested related 
studies which were potentially of 
greater significance than the original 
assignment. 

To illustrate; one avenue for fur- 
ther investigation is the following: 
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The forecasting study revealed 
that for the product line in ques- 
tion, timing of model changes 
was a major factor in determin- 
ing monthly distribution of sales 
as a result of the characteristic 
pronounced “hump” which im- 
mediately followed new model 
introductions. 


Since this is a factor under the con- 
trol of management, it suggests the 
possible use of new model introduc- 
tion as a manipulating device to sta- 
bilize monthly sales volume. This 
conceivably could be accomplished 
by timing passenger car model 
changes so that the humps would 
largely neutralize seasonal declines 
in both passenger car and commer- 
cial vehicle product lines. 

If by this means total monthly sales 
volume could be largely stabilized, 
monthly production volume might 
then also be largely stabilized. By 
the further use of fluctuating factory 
inventories, production volume might 
conceivably be almost completely 
stabilized and the tremendous cost 
reduction advantages associated with 
a stabilized work force and constant 
level of production could be realized. 

Exploration of this avenue involves 
the development of a number of ad- 
ditional models which would simu- 
late the following: 


a. The cost of changing level of 
production 

b. The cost of introducing new 
models at other than the opti- 
mum time for maximum sales, 
in terms of sales lost 
The cost of carrying factory- 
owned finished vehicle inven- 
tories 
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Having developed these cost func- 
tions, they could be mutually optim- 
ized to minimize total cost or maxi- 
mize profit. 

The determination of the “real” or 
incremental costs associated with the 
factors listed, presents considerable 
difficulty and has not yet been com- 
pleted. However, this project serves 
to illustrate the type of “by-product” 
which often results from the Opera- 
tions Research principle of broaden- 
ing the scope of the problem to rec- 
ognize all of its implications rather 
than narrowing it to concentrate on 
a single objective. 


IS STATISTICAL QUALITY 
CONTROL “OPERATIONS 
RESEARCH”? 

In the writer’s opinion the answer 
to this question would have to be 
both, yes and no. 

As persons engaged in statistical 
quality control work are well aware, 
it is possible to reduce the mechanics 
of some of the powerful techniques 
of this field to such a simple form 
that they can be used effectively 
with little or no understanding of the 
underlying principles or statistical 
techniques involved. Certainly, stat- 
istical quality control on this level is 
not “Operations Research.” 

At the other end of the scale is the 
work of Dr. Shewhart in formulating 
the underlying theory and method of 
statistical quality control. This great 
achievement involved the application 
of scientific method to the problem 
of the economic control of quality 
and resulted in the integration of 
mathematical statistics and physical 
theory to produce the basic models 
upon which statistical quality control 
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MONTHS AFTER MOOEL CHANGE 


Left: Figure 4—Model Change Skewing Factor 
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Right: Figure 5—Distribution Pattern for Model Change in September. 
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rests. Dr. Shewhart’s work was Op- 
erations Research in its highest sense 

In the writer’s opinion, the appli- 
cation of statistical quality control in 
manufacturing operations takes on 
many of the characteristics of Opera- 
tions Research when it is extended to 
its ultimate consequences both “up- 
stream” and “downstream;” i. e., 
when process control data are fed 
back into design specifications and 
raw material specifications on the 
one hand and carried forward to the 
extent of determining the effect of 
quality on customer acceptance of 
the product on the other. 

Although the relationship of Oper- 
ations Research to the field of Statis- 
tical Quality Control is subject to 
various interpretations at the present 
time, it seems evident that to a large 
degree they share a common philos- 
ophy and technique and that each 
may profit from the experience of the 
other. A case in point is the well 
established quality control principle 
of determining whether a state of 
“statistical control” exists in dynamic 
processes as a preliminary to the use 
of limits or other values in interpret- 
ing or forecasting future data gener- 
ated by such processes. This is of 
fundamental importance, in the writ- 
er’s opinion, and should be more 
widely used in OR work. In the ap- 
plication described earlier in this pa- 
per an effort was made to test for 
“control” whenever possible. 


In general, it seems that OR looks 
at problems from the viewpoint of 
economic value—effectiveness, total 
cost, profit, etc. In QC, emphasis is 
on physical measurement expressible 
in percent defective, average quality, 
etc. Both are concerned with raaxi- 
mum quality for least cost. 


SUMMARY 


The object of this paper has been 
to outline briefly the essential char- 
acteristics of “Operations Research” 
as applied in industry and to indicate 
some of the techniques which it uses. 

As a specific, formalized branch of 
applied science, Operations Research 
might be termed as in its infancy. On 
the other hand, Operations Research 
will probably never become formal- 
ized and limited in the usual sense 
for much of its power lies in its dyna- 
mic and all-inclusive philosophy of 
approach which resists compartment- 
ization. Operations Research takes 
nothing for granted and often steps 
in where, hitherto, even the angels 
have had some reservations about 
treading. 
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Problems for solution, and cor- 
respondence concerning material, 
published in this department, 
should be addressed to: 

Thomas A. Budne 

Philip Morris & Co., Ltd. 

100 Park Ave. 


PAUL C. CLIFFORD and THOMAS A. BUDNE, Co-editors 


HOP-A-LONG WHO ??? 

By our most recent report and best estimate, our 
senior problems editor, Paul Clifford, will have visited 
at least 20 cities in at least eight European countries be- 
tween last September and the end of March. With a 
different quality control training program tailored to the 
needs of each country and with a different group of peo- 
ple to work with in each country, we hope he took his 
vitamin pills along 

Occasionally Paul gets to see his family in Paris. There 
may actually be some advantage to his family not seeing 
him in Paris as compared to not seeing him at Montclair, 
N.J. We hope he doesn’t forget to bring back a photo- 
graph of the nine Cliffords driving down the Champs 
Elysees in their four passenger Ford Anglia. 

Paul found the time to send along a note containing a 
European problem which looks very American to us: 
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New York 17, N. Y. 











NEW PROBLEMS 
Problem 13. Submitted for Dr. G. Wagner, Rob. Bosch 

Co. Stuttgart, Germany. 

In testing the life of lamps, sampling by variables is 
used. The test is stopped after a fixed number of hours. 
From experience, it has been found that the distribution 
of hours of life of the lamps forms a bimodal distribu- 
tion, the lives of a small percentage of lamps forming a 
concentration which is almost completely separated from 
the rest of the distribution which follows later. We shall 
call the smaller group A and the larger group B. A de- 
fect of very short life, the A group, will cause customer 
complaints and is more serious than a defect belonging 
to the B group. Protection guaranteeing less than two 
per cent under a specified minimum hours of life is 
satisfactory if the failures come from the B group, but 
completely unsatisfactory if the failures come from the 
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SUPER ALLOYS DEMAND SUPER-VISION 


Ryan must peer deep into the “heart” of the 
high temperature alloys used in the production 
of aviation’s most advanced heat engines. 
Quarter-million volt X-rays, which can “‘see”’ 
through 4% inches of steel... ultra-violet 
radiation... powerful magnetic fields—these are 
the “eyes” used to insure that these precision- 
built structures are internally sound. Working 
with 69 different alloys, Ryan’s production 
department is virtually a laboratory-controlled 
operation where science and skill merge. 


Another Example of How 


RYAN BUILDS BETTER 


Ryar ’s unique abilities for meeting difficult 
production problems are exemplified in the 
field of high temperature metallurgy. Here, 
Ryan’s specialized knowledge creates parts 
which “live longer” in the seething infernos of 
jet engines, rocket motors, afterburners and 
exhaust systems. Advanced mctallurgical 
research provides Ryan with intimate know- 
ledge of the nature and behavior of even the 
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newest, least understood super alloys. Through 
close integration between laboratory and fac- 
tory, this knowledge becomes a basic part of 
aircraft production know-how. 

For 32 years Ryan has been a leader in air- 
craft and component manufacture and design 

. and by doing more, because it understands 
more, Ryan continues to contribute materially 
to America’s air superiority. 
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Begins... 


In 1806, when William Colgate founded 
his soap company, quality control was 
not a planned thing as it is now—but 
quality did exist, controlled by the in- 
tegrity and skill of the manufacturer. 


Today's quality control is imple- 


mented by precision tools, technical 
wisdom and exhaustive research un- 
known in 1806—but the integrity and 
skill of the manufacturer are still indis- 
pensable. This is where quality begins. 


Colgate-Palmolive products carry the 
stamp of quality. Behind this emblem 
are the highest standards of quality con- 
trol, guiding our manufacture from raw 
material to finished product, from as- 
sembly line to retail shelf. 
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COLGATE-PALMOLIVE COMPANY 


Jersey City, N. J. 
Jeffersonville, Ind. 


Kansas City, Kansas 
Berkeley, Calif. 




















A group. Some sort of acceptance sampling which con- 
siders the A and B groups separately is needed. The 
usual sample size used is 20 and the A group falls below 
0.2 of the specified minimum. 

What plans have been devised for this type of problem 
in the U.S.A.? 

Problem 14. Suggested by Paul Berliner, New York 

City, N. Y. 

(1). A vehicle contains two fuzes which have a mean 
functional time t’ and standard deviation 0.002t’. The 
functioning of either fuze is necessary for the functioning 
of the vehicle. It can be assumed that all fuzes and 
vehicles each belong to homogeneous populations. What 
is the mean and standard deviation of functioning time 
of the vehicles? 

(2). A given vehicle containing four pins requires 
that at least three of the pins function simultaneously 
in order to operate. What must be the functioning re- 
liability of each pin in order for the functioning re- 
liability of the vehicle to be at least 95 per cent. How 
many pins must be tested to guarantee this reliability 
with 90 per cent confidence? 


SUGGESTED SOLUTIONS 


Problem 11. Suggested solutions. (November, 1954) 

This problem asked for a means of calculating confi- 
dence limits on the fraction defective of the entire lot 
or of the process average in a situation in which the 
Dodge Sampling Plan for Continuous Production was 
being used. We've received two suggestions which merit 
noting: 

First, Mary Torrey of New York City, N. Y., suggests 
that an article by J.B.S. Haldane “On a Method of Esti- 
mating Frequencies” may be of interest even though it 
does not give the answers we are looking for. Haldane 
considers the case in which inspection would continue 
until a pre-determined fixed number of defectives, m, 
has been found. The total number of pieces inspected in 
order to find m defectives would then be a variable, n. 
An unbiased estimate of the percent defective would 
then be m-1/n-1 with the approximate variance m(n-1) 
n*(n-1). Miss Torrey points out that since the distribu- 
tion of the statistic m-1/n-1 is not indicated, the method 
of finding the confidence interval is not known. 

Second, Mrs. Ann Landers of Palo Alto, Cal., suggests 
that we count up the number of defectives, d,+d., found 
in a pre-determined fixed amount of inspection, n, which 
would be made up of both sampling inspection and 100 
per cent inspection. (d, + d.)/n would then give us an 
unbiased estimate of p and would have the usual bi- 
nomial distribution. The confidence interval for p would 
then be estimated approximately or exactly by standard 


methods. 


Comment. 

The above solution will undoubtedly give a correct 
result in those cases in which the process remains in 
control. However, when the process is not in control, a 
word of caution is in order. In the latter case, the sample 
examined cannot be a random sample of the lot produced 
or of the process. One possible argument is that if a 
large number of defectives occur in the early phase of 
production, the predetermined amount of sampling may 
be achieved considerably before the end of the produc- 
tion run. The latter part of the production run, which 
may change level entirely would then not be included 
in the sample estimate at all. 

The situation might possibly be remedied by setting 
aside samples at the rate f even while 100 per cent in- 
spection goes on. The rate f could not thus be consis- 
tently maintained in going from 100 per cent inspection 
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The “100,000-mile” warranty 
on Cummins Diesels starts here 


Every component used in the manufacture of 
Cummins Diesels must meet exacting stand- 
ards set by Cummins design engineers. 

As the picture shows, finished parts are 
checked and double-checked for accuracy. 
And this is true whether the parts are to be used 
in new engines or sold as replacement parts. 
Every shipment of steel, cast iron, or other 
metal is tested for quality before it is released 
for production. We take the time and care be- 
cause we want to build the finest engine possible. 
Cummins Quality Control Program, second to 
none, assures that every Cummins Diesel pro- 
duced will give more years and more miles of 
trouble-free service. Cummins has such confi- 
dence in this program that it backs its engines 
with a “100,000 mile or one year” warranty. 


Diesel power by 


CUMMINS ENGINE COMPANY, INC., COLUMBUS, INDIANA 
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TWO-WAY 


QUALITY 
gS», CONTROL 


HERE AT DE LAVAL... 
every modern means of quality control is used in our 
manufacturing procedures. That goes back many years 
.. . because De Laval was one of the early pioneers in 
high-precision mass production methods. 


Strict quality control is necessary in every step of 
production because our De Laval precision-built ma- 
chines must perform at top efficiency . . . as the very 
“hecrt” of many vital processes . . . and do so without 
variation or interruption . . . over very long periods of 


time. 


We say “TWO-WAY QUALITY CONTROL"”.. . be 
cause the quality control that we employ in producing 
machines to perform the precise functions for which our 
customers buy them .. . enables De Laval users to... 
in turn . . . exercise close quality control over their own 
operations .. . in which De Laval machines perform such 


a vital part. 


Naturally .. . the results of this double-barreled form 
of quality control are better products of every kind... 
for all our De Laval people are quality-minded . . . by 
training . . . by tradition . . . and by choice. 


THE DE LAVAL SEPARATOR COMPANY 
427 Randolph St. General Offices 61 Beale St. 
Chicago 6 POUGHKEEPSIE, N. Y. San Francisco 5 











back to sampling inspection, but this would introduce 
very little bias in approximating p as the number of 
defectives found in sampling at the rate f is divided by 
the number of pieces sampled at the rate f. Confidence 
intervals for p would then be found by standard pro- 
cedures using the Incomplete Beta Function Ratio or 
the assumption of a normal distribution. While this 
procedure does not provide a purely random sample, it 
does give a sufficiently good approximation for practical 
purposes with the fixed sample size, N/f. 


However, this still does not give the required answer 
to problem 11 which asked for a method of finding the 
confidence interval for p using the information yielded 
by the continuous sampling plan: N, n, ne, d;, dy and f. 
We look for further help from our readers. 


Problem 12. Suggested solution. (November, 1954) 
This problem asked for an intuitive explanation of the 
fact that the first two rows only of the tables of F show 
increasing values of F for increasing values of n, while 
all the remaining rows show decreasing values of F. The 
answer to this problem is made apparent by Prof. Anders 
Hald in his book, “Statistical Theory with Engineering 
Applications,” Wiley, 1952. He discusses special cases of 
the F distribution, pp. 384-387, which are summarized 
in a table in the following way: (Notation has been 
modified to conform with notation previously used) 


Fp (n,, ng) 
n; 


1 
t°up(n;) 


F,. (n,. no) 


Xr (n,) 


n, 


When we speak of level of significance, we refer to a 
particular percentile of the distribution of a statistic. 
Hence the one percent and five percent levels of sig- 
nificance refer to the 99th and 95th percentiles respec- 
tively. Thus, in the above table the subscripts P, %P, 
%(P+1) and 1-P are percentile values, for any speci- 
fied value of P. The symbols F, t, u and ;? refer to the 
usual F, t, normal and Chi-square distributions respec- 
tively. n, and n, indicate degrees of freedom and in the 
case of F, n, represents degrees of freedom in the 
numerator and ny represents degrees of freedom in the 
denominator. 


For one degree of freedom in the numerator of the F 
ratio, Fp(1, ng) = t*;y.p)(mg). For one degree of 
freedom in the denominator of the F ratio, Fp(n,; 1) = 

1 
t?yp(ny) 
and approaches the normal distribution as the number 
of degrees of freedom increases and approaches infinity, 
any particular positive percentile of the t distribution 
decreases monotonically as the degrees of freedom 
increase. It follows, then, that in any F table, the first 


. Since the t distribution diminishes in spread 
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FROM 


BLUEPRINT tro 


BLUE SKY ... 
28,000 INSPECTIONS 


Exceeding even rigid Air Force requirements, 

the Fairchild-Air Force Quality Control team puts every C-119 
through more than 28,000 different inspections before its initial 
acceptance flight. 

Working under inspection principles regarded as a 

model for the entire aircraft industry, the Fairchild Quality 
Control team insures topmost quality in tools, materials, parts 


fabrication and assembly. 


This includes inspection of the more than 22,000 parts that go 
into a “Flying Boxcar” as well as more than 6,000 assembly-line 


inspection points. 


The same strict safety insurance measures that guide 

C-119 inspections are applied equally to its new 
assembly-line mate, the Fairchild-built C-123. 

Together, they are testimonials to Air Force quality standards 
and Fairchild Quality Control and Production. 


Other Divisions 
American Helicopter Division, Manhattan Beach, California: 
Engine Division, Farmingdale, N.Y.; Kinetics, New York, N.Y.; 
Guided Missiles Division, Wyan« lanch, N.Y Stratos Division, Bay Shore, N 
Speed Control Division, St. Augustine, Fla 


ENGINE AND AIRPLANE CORPORATION 


AIRCHILD 
Aral Division 


HAGERSTOWN, MARYLAND 














row (n,=1) will show increasing values as n, increases; 
and the first column (n,=1) will show decreasing values 
as n, increases 

The tables of the normal distribution show that u=1 
at the 84.13th percentile or uy g4;;=1. If 4(1+P)=0.8413, 
P=0.6826. Hence for P less than 0.6826, F,(1, «)= 
u*.;14p) is less than one. Since F, (2,20) = 1, the last 
row cannot decrease monotonically as n, increases. As 
a matter of fact, an F table with P=0.50 shows mono- 
tonically increasing values of F in all rows as n, in- 


creases 


Finally, while y*)(n,) is a monotonically increasing 

function of n, for all values of P, y*;.(n,) is not a mono- 
ny 

tonic function for all values of P. In an F table with 
P=0.70, the first six rows are monotonically increasing 
for increasing values of n,, while in all the remaining 
rows F first increases and then decreases as n, increases. 

The phenomenon which Mr. Laster questioned 
happens to be true for one percent and five percent 
tables of F, but is generally not true and is governed by 
the percentile value of the F distribution 





nidibiall Aids 


ELLIS R. OTT, Editor 





Send your “Practical Aid” 
contribution to: 
Dr. Ellis R. Ott 
Rutgers University 
77 Hamilton Street 
New Brunswick, N. J. 











A Quality Control Slide Rule 
W. J. MASSER 


General Electric Company, Schenectady, N. Y. 





The Quality Control and Cost Re- 
duction Services Section in the Gen- 
eral Electric Company developed the 
Quality Control Slide Rule to reduce 
the time required for mathematical 
calculations, to minimize computa- 
tional errors, and to encourage great- 
er use of a few of Quality Control's 
statistical techniques. 


MACHINE 


Side A of this slide rule assists in 
determining the quality capabilities 
of machines and processes. The value 
obtained from the slide rule is the 
total capability and is equal to 6o 
The formula used to determine o is 


(Sfx)2. The slide 


-- Vifiw2 
= \ n( 2fx*) 


rule is calibrated to calculate 60 for 
samples of 25 or 50 pieces. 


The Process Capability Work Sheet 
is used with the slide rule to elimin- 
ate mathematical calculations. These 
work sheets are in tablet form, and 
when filled out, can be filed as a per- 
manent record of the capability of 
the machine or process. The actual 
measurements taken from the ma- 
chines or process under study are 
listed on the work sheet and the red 
numbers (top figures in each row) 
and black numbers (bottom figures 
in each row) are circled according to 
the frequency of the measurement 
occurrences. 


The red numbers (fx) circled for 
each group of measurements are 
listed in the column headed red 
(first column on right) and the black 
numbers (fx*) circled are listed in 
the column headed black (second 





Work Sheet For Use With G-E Quality Control Slide Rule 
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... quality carefully controlled 


Here is a machine used in J&L’s metallurgical 
laboratories that stretches a piece of steel like 


pulling a piece of taffy. 


It grips the ends of a steel sample and, with more 
than a hundred thousand pounds of pulling power, 
stretches the steel until it breaks. Readings on the 
dial will tell the metallurgist the capacity of the 
steel to withstand loads, its ability to stretch, and 
the point at which the elastic limit will be reached. 


Other machines used regularly at J&L in the 
daily routine of making steel to the customer’s 
specifications will determine the steel’s hardness, 
its shock resistance, its drawing and forming quality, 
its fatigue limit and other characteristics that affect 
the performance of the steel when it is put to work 


for you. 


LOOK TO 


MAY, 1955 


These technical data enable J&L to maintain 
accurate control over the quality of the steel during 
manufacturing operations. In the finished product, 
they are a technological double-check against the 
specified requirements of the customer. They aid 
in the development of new steelmaking processes, 
new steels for new applications, and in new methods 
for fabricating and treating steels. 


Constant control of quality is one of many 
activities carried on at J&L to make certain your 
steel is delivered exactly as specified. 


Sones + 


STEEL CORPORATION — Pittsburgh 


J&L... FOR STEELS OF DEPENDABLE QUALITY 





OLIVER AVIATION 


€ reative Quality Control 


Co) 


E., Industry today, perfection is standard. Perfection 
is achieved by superior control of quality. That ts 
why Oliver Aviation developed Creative Quality Control.* 
. CQC* goes one step further than painstaking inspec- 





tion; it adds the individual and industrial respon- 





sibility of Oliver Aviation to perfection in produc- 





tion (prior to delivery) 
CQC* relieves you of much of the burden and expense 





of surveillance, and gives you positive assurance of results 
With Oliver Aviation CQC* you can join others 


who have reduced surveillance inspection staffs, or as 














happened in some instances, waived inspection completely 


With or without surveillance and inspection you are 





confident that specifications are followed exactly, and produc 





tion meets every anticipated requirement 





Consider this chart showing the reduction and s ope of 


customer shakedown squawks per unit and reflect that 





this unit is a main fuselage section of the 
Boeing RB 47 Stratojet 
Let Oliver Aviation put CQC* to work for you 
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This represents a 91% rate of improvement 
from January 4, 1954, through December 13, 
1954, by using CQC* in developing and 
applying statistical planned improvement 
trend charts. Information regording this 
technique is available on request 
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column on the right). The numbers 
in the red column are then added 
algebraically and this number (Sfx) 
is placed in one total bracket. The 
numbers in the black column are 
then added arithmetically and this 
number (fx*) is placed in the other 
total bracket. 


These two totals are then inserted 
in the slide rule and the 6o or total 
capability value read directly. 


The upper portion of Side B of the 
slide rule is used to calculate the 
control limits for average percent 
defective charts using the formula: 


\ p (1p) . With the sample size 
n 


(n) and the average percent defec- 
tive (p) known, the 3o value can be 
obtained directly from the scale. 
This value (3c) is then added and 
subtracted from p to obtain upper 
and lower control limits. 


The lower portion of Side B of the 
slide rule is used to calculate the 
standard deviation (o) using the 
formula R/d». Knowing the average 
range (R) and the size of the sample 
group used to determine the ranges, . 
the standard deviation (c) can be and divided by \ ‘n , it can be planners, shop personnel, etc. In this 
obtained directly from the scale. used to obtain control limits for manner, we can obtain the benefits 
This value multiplied by three can averages. of a much wider application of shop 
be used to obtain control limits for A slide rule such as this can be level statistical techniques through 
individuals. If multiplied by three and is being used by inspectors, the use of a practical aid. 


Wh 3 ° d . a ] TEST YOUR 10. 
at's if use or: can YoU 
IDENTIFY 
1b A. O. Smith line pipe serves THESE USEFUL 
in thousands of miles of pipe PRODUCTS ? 
line . . . conveys natural gas 
to homes and industry. 
A.O. Smith welding machines 
speed production of metal 
products of every description 
at low cost. 
A. O. Smith petroleum meters 
contribute remarkable accu- 
racy to the measuring of liquid 
petroleum products. : - Pe a 
America’s leading glass-lined ay mn) be tl aah yy etal 
water heaters — Permaglas (b) transporting natural gas (b) hospital x-ray ; 
— are made by A. O. Smith (c) viewing the stors (c) commercial laundering 
and proved rustproof in over 
2,500,000 homes. 
These products, and many more, built 
by A. O. Smith, help keep America 
strong ond prosperous. 


Through research A) . .@ better way 

A 0 Smith . This product is used for... 
e bad (a) controlling temperatures 

PecoORgPoOR”AT ION] 


(b) filtering goses 
MILWAUKEE 1, WISCONSIN (c) metering liquid petroleum 
11 plants in New York, New Jersey, Pennsylvania, 
Ohio, Wisconsin, Illinois, Texas and California 
International Division: Milwaukee 1 





4. This product is used for. . 
(a) compressing air 
(b) heating woter 
(c) manufacturing soap 
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TENTH ANNUAL 
MIDWEST CONFERENCE 


MILWAUKEE 
NOVEMBER 17-18, 1955 


GREATER QUANTITY 
BETTER QUALITY 
LOWER COSTS 


Special 10th Anniversary Program 


in cooperation with 


The Milwaukee Association of Commerce 























ELEVENTH ANNUAL 
MIDWEST CONFERENCE 


MINNEAPOLIS 
OCTOBER 11-12, 1956 


in cooperation with 


The Minneapolis Chamber of Commerce 
Ca 


TWELFTH ANNUAL 
MIDWEST CONFERENCE 


CHICAGO 
OCTOBER 24-25, 1957 


in cooperation with 


The Chicago Association of Commerce and Industry 

















= at the 


NINTH ANNUAL 


ASQC 
CONVENTION 
MAY 
23, 24, 23 


Hotel Statler 
See how to make an effective appeal to New Yor k, NV. :. 


everyone's pride in QUALITY WORK- 
MANSHIP in your plant... and why more 
and more ASQC members are turning to 
ELLIOTT for support of their own efforts 
in this year-round selling job. 


Pick up your FREE kit of sample Q-C 
posters and news pictures. Or, if you 
can’t make it, drop us a line . . . your 
FREE kit will be mailed to you without 


» ELLIOTT SERVICE COMPANY 
| Department 55, Mount Vernon, N. Y. 
Please send me, without obligation, your free folder 
} with samples of colorful Quality-Cost Posters together 
with details about units of Departmental Q-C Service. 


service company 


Mount Vernon, Rew York 
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if you have to “drop a bomb 


im a barrel’’... 


Call AC! 


A barrel makes a small target, but if anyone can hit 
it, AC can. 
For several years now, AC has built complex Bombing 
DEFENSE Navigational Computers for our biggest bombers. 
And, because of AC’s production engineering, these units 
PRODUCTS are pounds lighter, inches smaller, and thousands 
of dollars cheaper. 
This BNC, as we call it, is one of America’s mightiest 
AC SPARK PLUG DIVISION weapons. But, it is only one of many steps AC has 
ELECTRONICS DIVISION OF taken to supply electronic answers to navigation, 
GENERAL MOTORS CORPORATION, bombing and firing problems. 
FLINT, MICH, 
If you have a problem in this field, AC has the ability 


Write for new AC booklet now ¢ a . , _ ~ th ae ail * 
coming off the presses, titled "AC and experience to help you. Give us a call, won't you: 
.. . Engineering for the Future.” 








Clarification and Further 
Comments on the “Use of 
the Range in Comparing 
Variabilities” * 
(1QC, February 1955, p. 18) 
ACHESON J. DUNCAN 


It has been pointed out to the 
author that clarification of his article 
on “Use of the Range in Comparing 
Variabilities” is desirable on several 
scores. 

First, the method described in the 
article is primarily for use in com- 
paring within sub-group variabilities. 
It can be used to compare overall 
process variabilities only if the proc- 
esses are in control both with respect 
to averages and variabilities. If the 
process average is not in control, 
R/d,* does not give an estimate of 
overall process variability; it simply 
estimates within sub-group vari- 
ability. 

Second, the range square ratio test 
is not as efficient as an ordinary vari- 
ance ratio test. As noted in the orig- 
inal article, when within sub-group 
variabilities are compared, a loss in 
degrees of freedom of about ten per- 


cent is suffered in using (R/d,*)? in 
place of @. If the process average 
and process variabilities are both in 
control and sample values of R/d,* 
are used to compare the overall 
process variabilities, the loss in de- 
grees of freedom will be much more 
than ten percent in comparison with 
tThese further comments were stimulated 
largely by criticisms offered by Irving Burr 
an win Olds. The author is greatly in- 


debted to these men for their comments on 
the original article 


using the total sample variances. A 
loss is suffered first because the 
range is used in place of a more effi- 
cient statistic and secondly because 
the estimates of overall variability 
are based on within sub-group vari- 
ability. For example, for ten sam- 
ples of five each, the degrees of free- 
dom associated with (R/d,.*)* are 
given by Table III of the original ar- 
ticle at 36.5. If s? =(X — X)? 
k(n — 1) were computed from the 
whole sample of 50, its degrees of 
freedom would be 49. This is a loss 
of about 25 percent. The principal 
advantage of the range square ratio 
test is its speed and simplicity. Con- 
sideration must be given, however, 
to the possibility of this advantage 
being more than offset by the loss in 
efficiency. 

Third, if in comparing two produc- 
tion runs the management wishes 
simply to test whether the within 
sub-group variabilities are different, 
the test described in the article is the 
correct one, the hypothesis being that 
6," = 62’. If it wishes to test whether 
the second run has lower (within 
sub-group) variability than the first, 
the proper procedure is to put 
(R/d,.*)*, over (R/d,.*)*, and com- 
pare the ratio to the F ,, point, as is 
done in the second example. In this 
case the rule of always putting the 
larger range square over the smaller 
does not apply. If (R/d.*)*, is larger 
than (R/d,*)*,, we still mentally 
form the ratio (R/d,*)*,/ (R/d,*)*2. 
Actual calculation is not necessary in 
this case, of course, since the ratio 
will obviously be less than one and 
hence less than F ,,. 


natuges miracle is fashioned 
| into world famous 
Playtex: products 


Half-way around the world, in the jungles 
of Southeast Asia, an essential liquid is 
tapped from the Caoutchouc tree. American 
know-how takes over and fashions this liquid, 
called “Latex,” into Playtex Girdles, Baby 
Pants, Pillows and many other important 


products. 


The use of modern quality control techniques 
enables us to produce dipped-latex products 
of the highest quality for the consumer. 


Another great marvel of Nature is 
brought into the service of Man. 


© 1955 taternetions! Letex Corp's . 
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PLAYTEX PARK .. . Dever Del. © Playtex Led., PLAYTEX PARK, Arnprior, Ont. Conode 


Fourth, Table III of the article has 
general usage. It is by no means re- 
stricted to the kinds of problems de- 
scribed in the article. When sampling 
from a normal population, at least, 
(R/d.*)? has approximately the 
same sampling distribution as the 
average sub-group variance 

r(X, = X,)* T =(X, X,)* 
\ + $(X, — X,)? 
k(n — 1) 
(with a reduction of about ten per- 
cent in degrees of freedom). It there- 
fore can be used wherever the latter 
can be used. The price is the reduc- 
tion in the degrees of freedom. If a 
larger sample is subdivided into k 


s- 


sub-groups of n each, (R/d,*)* can 
be used in place of s* = ©(X — X)* 
k(n — 1), but as noted above the loss 
of degrees of freedom in this case is 
higher. Suppose, for example, a vari- 
ables sampling plan will accept a lot 
if in a sample of 54 items (X — 1.95s) 

the lower specification limit L. 
Then this could be replaced* by a 
comparable variables plan (i.e., one 
with approximately the same OC 
curve) that used the criterion [X 
1.95 (R/d,.*)] = L, where R is the 
average range of subsamples of five 
each, provided the sample size was 
increased from 54 to 65 (an increase 
of 22 percent.) Although more costly, 
the latter might still be less expen- 
sive than any comparable attributes 
plan and the greater expense of the 
larger sample might be more than 
offset by the greater ease in opera- 
tion of the plan. 

It should also be noted that in Vol- 
ume 23, page 298 of the Annals of 
Mathematical Statistics, there is a 
correction published by R. F. Link to 
his paper given as reference (4) in 
selected references above. Also, on 
pages 449-451 of Volume 40 of Bio- 
metrica, there is a short note by J. W. 
Thomson which should be added to 
the items in the selected references. 


*In making these computations it is assumed 
that the degrees of freedom are reduced ap- 
proximately 25 percent by using R d,*. The 
sampling variance of (R d.*)* was therefore 
taken at 4/3 of that of s*. Computations then 
followed those of W. Allen Wallis in Statis- 
tical Research Group, Columbia University, 
Techniques of Statistical Analysis, pp. 57 ff 
In general, if the criterion of acceptance is 
(X — Ks) ~ L, and if sample sizes run over 
30, the relationship of the sample size using 
R/d,* (based on sub-groups of five) to the 
sample size using s (the OC curves being the 
same) is given approximately by 


cf ane Tables for Variables Inspection 
Based on the Range, Stanford University, 
Applied Mathematics and Statistics Labora- 
tory, Technical Report, No. 11, p. 5 
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The design of Wire Fabricating ma- 
chinery is one of the most rigorous 
engineering assignments you can 
get. But no matter how tricky the 
problems, do not forget the front 
end of the machine—where you ac- 
tually load the wire. 

We have been amazed, for exam- 
ple, to learn that certain customers 
have been buying non-standard 
coils of wire for years, thinking that 
they were standard coils. Naturally, 
there is a shipping delay due to not 
being able to use standard material. 

Here’s an offer: If you contem- 
plate the design of any wire fabri- 
cating equipment, get in touch with 
your American Steel & Wire rep- 
resentative first. Let him bring you 
up to date on the latest wire indus- 
try standards—and show you how 
to design the equipment to use the 
most economical types and sizes of 
wire coils. He will also be glad to 
help you lay out your wire storage 
and handling facilities. The result 
will be lower costs and faster de- 
livery and better production using 
your newly designed equipment. 








AMERICAN MANUFACTURERS WIRE 


AMERFINE—High quality fine wire. 


USS AMERICAN PE Se 
MANUFACTURERS patil 


AMERTEMP —heavy-duty oll-tempered wire. 


Wi ia r AMERHEAD — uniform heading wire. 


AMERSTITCH — extra-tovgh metal stitching wire 


AMERICAN STEEL & WIRE DIVISION, UNITED STATES STEEL CORPORATION, GENERAL OFFICES: CLEVELAND, OHIO 
COLUMBIA-GENEVA STEEL DIVISION, SAN FRANCISCO, PACIFIC COAST DISTRIBUTORS 
TENNESSEE COAL & IRON DIVISION, FAIRFIELD, ALA., SOUTHERN DISTRIBUTORS - UNITED STATES STEEL EXPORT COMPANY, NEW YORK 


UNH tT € 8 Ta VT 2S a ae, 
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APPLICATION—AIRCRAFT 
INDUSTRY 


NOW—ACCENT ON QUALITY, 
by William D. Perreault 
(American Aviation, Feb. 14, 1955, 
p. 25) 

Statements by persons in the 
Defense Department are analyzed 
to show that the emphasis is to be 
on qualitative superiority rathe 
than quantitative superiority 
Some examples are given of this 
new concept on planes now start- 
ing to be manufactured. 


QUALITY CONTROL — HOW 
NORTHROP MAKES IT WORK 
(American Aviation, v. 18, n. 17, 
Jan. 17, 1955, p. 50) 

This article deals primarily with 
the systems analysis or plan of 
paper in reporting problems. Au- 
thor stresses importance of know- 
ing the cause of defective mate- 
rial. The method of reporting to 
top management is also given 


U.S. 
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APPLICATION—CHEMICAL 


INDUSTRY 


STATISTICAL DESIGN IN COM- 
POUNDING ELASTOMERS, by 
W. L. Gore, Polychemical Depart- 
ment, E. I. DuPont de Nemours & 
Co. 

(Rubber Age—v. 76, n. 5, Feb. 
1955, p. 719) 

This article describes experi- 
mental design and analysis of re- 
sults in terms of certain specific 
problems in the rubber industry. 
Starting with the basic Latin 
square, the author develops more 
complicated factorial arrange- 
ments necessary for the factors 
important in rubber compounding. 
Through the use of reduced fac- 
torial designs and preliminary ex- 
perimentation, it is possible to 
separate the more important vari- 
ables and to save a great deal of 
experimental cost without sacri- 
ficing the ultimate goal in terms of 
the information desired. 


CAST IRON PIPE AND FITTINGS 


SPECIAL CASTINGS 
CENTRIFUGAL OR STATIC 


SLO5L 


SPECIALISTS IN 
FOUNDRY IRON 
SINCE 1882 


PIG IRON + COKE 
COAL CHEMICALS + PAINT 
AMMONIUM SULFATE 
ROCK WOOL INSULATION 





On matters concerning the Bib- 
liography Department, send cor- 
re e, suggestions, and 
contributions to: 

Joseph Movshin 
9220 Old Bonhomme Road 
St. Louis 24, Mo. 











APPLICATION—ELECTRICAL 
INDUSTRY 


PAPERS ON QUALITY CON- 
TROL 

(Transactions of the IRE, PGQC- 
4, Dec. 1954) 

This transaction contains vari- 
ous articles on the application of 
Quality Control, primarily with 
respect to the radio and electronic 
industry. ANALYSIS OF CUMU- 
LATIVE RESULTS SAMPLING 
PLAN FOR USE WITH SAM- 
PLING TABLES USING ZERO 
ACCEPTANCE NUMBERS, by A. 
Cronshagen, p. 14 

This article suggests a cumula- 
tive results sampling plan instead 
of the usual type of sampling plan 
for small lots. This is usually suc- 
cessful in overcoming objections in 
such cases where the acceptance 
number of zero would normally be 
used. 


QUALITY IN PRODUCTION, by 
R. Weller, p. 51 

The author discusses general 
considerations in maintaining 
quality and in determining qual- 
ity of manufactured product. Es- 
pecially considered is the rela- 
tionship between engineering and 
quality. 


APPLICATION — METALLURGI- 


CAL INDUSTRY 


STATISTICAL STUDY OF 
CREEP AND FATIGUE PROP- 
ERTIES OF PRECISION-CAST 
HIGH-TEMPERATURE ALLOY, 
by G. T. Harris, H. C. Child 
(Iron & Steel Institute, Journal— 
v. 175, pt. 3, Nov. 1954, p. 284) 

This article discusses the me- 
chanical properties at room tem- 
perature of special cobalt based 
alloys developed for gas turbine 
rotor blades. Creep strength and 
fatigue strength at high tempera- 
tures are considered along with 
rupture strength. Quality Control 
and correlation type scatter dia- 
grams used. 


QUALITY CONTROL IN A 

GRAY IRON FOUNDRY, by Les- 

ter Welty 

(Foundry—v. 82, n. 10, Oct. 1954) 
Article tells of the establishment 

of a quality control program in a 
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PATENT 
PENDING 

lawodecing STANDARD'S new truly 

all purpose dial unit . . . a simple, 

easily operated, direct reading instru- 

ment, with a potential for nearly all 

types of INTERNAL and EXTERNAL 

applications. 


Interchangeable segments permit 

checking of THREADS for over-all fit, 

pitch diameter, or lead. Gears for 

pitch diameter or tooth spacing; also 

GROOVES, shallow COUNTERBORES, §& . 

narrow SHOULDERS, BLIND HOLES, a Versa-Dial INTERNAL THREAD COMPARATOR 
etc. ... an almost unlimited variety of 

work. The VERSA-DIAL can be con- Versa-Dial HELICAL GEAR PD COMPARATOR 


verted from one type of job to another mounted on bench stand 
in moments. 
jam 6=VERSA-DIAL FEATURES 


Ale ae EXTREMELY VERSATILE; good for 


) almost any job 


San =6EXCEPTIONALLY WIDE RANGE 


up to 7” or more 


QUICK AND EASY TO SET-UP 


for long or short runs 


* 

» ae =RAPID LOADING; 
easy to operate 

* 


LONG LIFE; minimum contact wear 


Segments are secured in T-Slots at desired 
spacing ...movable segment actuates dial 
indicator, giving direct reading of variations 
from basic size. Movement is straight; unus- 


Interchangeable 
wd ually smooth and precise ...ideal for gaging. 


Segments 


m0 
(STANDARD) 
m0 


Versa-Dial EXTERNAL THREAD COMPARATOR 
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gray iron foundry. Particular 
problems encountered in scrap re- 
porting are discussed. The method 
used in control charting on the 
various operations is shown. 


STATISTICAL STUDY OF 
PROPERTIES PROVES AID IN 
PART DESIGN, by J. J. Lom- 
bardo and M. L. Parrish 
(Iron Age—v. 174, n. 25, Dec. 16, 
1954) 

A case study of the creep rup- 
ture properties of as-cast stellite 
31. The controllabie variables were 


Industry’s 

First 

High- Precision 
Universal 


Inspection 
Table 


studied and the results analyzed. 
These results were used to set the 
minimum design requirements on 
a probability basis. The authors 
state that unless material varia- 
tions are correctly evaluated, it 
will result in premature service 
failure or in a conservative design. 


APPLICATION—TEXTILE 


INDUSTRY 


SETTING UP THE CONTROL 
LABORATORY, by Norbert Lloyd 
Enrick 


ROTAB now gives you fast, accurate checking of complex 
shapes at a minimum investment in fixtures: 


Microscopic Precision—Direct reading to 5 seconds. 


Faster Multiple Inspection—Simple inspection opera- 
tions provide closer quality control on radial and 


angular checking. 


Finger-Tip Operation — Quick acting, positive controls 
for table tilt and rotation. 

Easy Reading—Checking and measuring planes con- 
veniently positioned. 
Four Standard Sizes—Select the model best suited to 


your jobs. Face plate diameters available are 12”, 
24", 36" and 48”. 


(V[ACHINE PRODUCTS 


Les 


; 


('ORP. 


| 2 alias 


(Modern Textiles Magazine—v 
36, n. 3, Mar. 1955, p. 62) 

This article, the third in the 
current series, describes the phys- 
ical requirements of a laboratory 
that would normally be used in a 
textile mill. Provisions are made 
for the mechanical equipment re- 
quired to take samples and pre- 
pare them for use. The physical 
equipment and conditions in the 
laboratory itself are discussed. 
Auxiliary information with re- 
spect to test procedures, standards 
and selecting samples are dis- 
cussed. 


APPLICATION— 
MISCELLANEOUS 


ASSURING A QUALITY PROD- 
UCT, by R. G. Cordes, Product 
Quality Engineer 

Commercial Production Depart- 
ment, General Electric Company 
(Refrigerating Engineering—v. 62, 
n. 1, Jan. 1954, p. 38) 

This article describes the 
and inspections required to con- 
trol the quality of air condition- 
ers. p charts and other charts are 
indicated for recording results and 
reporting quality. An interesting 
correlation between field failures 
and factory test results is indi- 
cated on the Quality Control 
Charts. 


tests 


STATISTICAL QUALITY CON- 
TROL IN GLASS MANUFAC- 
TURE, by A. P. Stergion 

(The Glass Industry—v. 35, n. 10, 
Oct. 1954, p. 539) 

(Paper presented before 6th 
Annual Conference on Quality 
Control, Sept. 11, 1954, at Rutgers 
University) 

This article deals with the ap- 
plication of SQC at Corning Glass 
Works. The actual statistical meth- 
ods used and the establishment of 
the program and selling of it to 
the line supervisors and operators 
is discussed. The author stressed 
a program in which the emphasis 
for quality is placed on the pro- 
duction rather than inspection 
group. 


ENGINEERING AND 


EXPERIMENTS 


HOW TO DETERMINE ASSEM- 
BLY TOLERANCES, by Martin 
H. Saltz, Quality Control Engineer, 
Hughes Aircraft Co. 
(Tool Engineer—v. XXXIV, n. 2, 
Feb. 1955, p. 105) 

Shows how, for parts in statis- 
tical control, the assembly toler- 
ance is not necessarily the sum of 
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the component tolerances. Pic- 
ture and charts. 


MANAGEMENT AND 
PERSONNEL, GENERAL 


Q-C RIDES HERD ON COST- 
CUTTING, 


(Tooling and Production—v. XX, 
n. 12, Mar. 1955, p. 49) 

This editorial points out some 
of the areas in which Quality Con- 
trol can assist management in 
making the proper decisions in 
cost reduction programs. The im- 
portance of maintaining quality 
through such a program is stressed. 


NEW MACHINES, TOOLS AND 
GAGES ASSURE HIGH PROD- 
UCT QUALITY, by John M. Sher- 
man, Manager of Tooling and 
Quality, Standard Pressed Steel 
Co. 

(Tooling and Production—v. XX, 
n. 12, Mar. 1955, p. 53) 


At the Standard Pressed Steel 
Co. a program of replacement of 
machines, tools, and gages, re- 
sulted in better quality and lower 
costs of the product. Reduction of 
customer complaints and the 
maintenance of the established de- 
sired AQL are part of this pro- 


gram. 


STATISTICS 


STATISTICS OF SCALED RAN- 
DOM EVENTS, By R. O. Davies 
and J. W. Leech 

(Cambridge Philosophical Society 
Proceedings—v. 50, Oct. 1954, p. 
575) 

OPERATIONS RESEARCH 
OBSERVATION, EXPERIMENT, 
AND MEASUREMENT IN OP- 
ERATIONS RESEARCH, by Om- 
ond Solandt 
SIMULATION AS AN AID IN 
MODEL BUILDING, by R. P. 
Rich 
STRIP MINING PHOSPHATE 
ROCK WITH LARGE WALKING 


DRAGLINES—A PROBLEM IN 
OPERATIONS RESEARCH, by 
Jack W. Dunlap and Herbert H. 
Jacobs 

FINANCIAL ANALYSIS IN 
JOHNS-MANVILLE, by Stanley 
Green 

A PROPOSAL FOR REVISING 
NEW YORK’S SUNDAY FARE 
STRUCTURE, by William S. 
Vickrey 

APPROXIMATE SALVO KILL 
PROBABILITIES FOR SMALL 
AND MEDIUM SIZED TARGETS 
WHEN CUMULATIVE DAMAGE 
IS UNIMPORTANT, by John E. 
Walsh 

A STATISTICAL GUIDE FOR 
ACCIDENT RESEARCH, ILLUS- 
TRATED BY APPLICATION TO 
NON-AIR-CARRIER FLYING, 
1949-1951, by Acheson J. Duncan 
A DISCUSSION OF EDUCTION 
FOR OPERATIONS RESEARCH, 
by Andrew Schultz, Jr. 

(Journal of the Operations Re- 
search Society of America,—v. 3, 
n. 1, Feb, 1955) 





Vbsts Thiet 


ROY A. WYLIE, Editor 


———Oeoerrn 


A new spectrograph which 
achieves a high degree of speed and 
versatility through the use of two 
gratings was announced recently by 
Bausch and Lomb Optical Company, 
635 St. Paul Street, Rochester 2, N. Y. 
The Dual Grating Spectrograph will 
photograph complex spectra found in 
new metals and materials such as high 
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temperature alloys, uranium prod- 
ucts, and rare earths. The use of two 
gratings in the spectrograph provides 
two different spectral ranges in a 
single exposure on a single plate or 
on two different plates. With this 
system, more analyses per man-hour 
can be completed. One grating has 
a range of 2000A (1st order) and op- 





News releases describing new 
products and literature should be 
sent to: 

George R. Foster, Mng. Ed. 
Room 6123 Plankinton Bldg. 
161 W. Wisconsin Ave. 
Milwaukee 3, Wis 











erates in a practical range of 1850 to 
24000A. The second grating has a 
range of 1000A (ist order) and op- 
erates in a range of 1850 to 12000A. 
The spectra are recorded on a flat 
4 in. by 10 in. plate or on two 2 in. by 
10 in. plates. The new 3 & L “step- 
variable” system p gides a slit 
which can be opene. for thorough 
cleaning but which is returned auto- 
matically to anyone of several pre- 
cise widths with an accuracy of half 
a micron. Any one of several widths 
can be placed in operation with a 
dial selection knob. The extremely 
high actual resolution of the Dual 
Grating Spectrograph (over 160,000 
in the second order) surpasses the 
maximum resolution now available 
from the finest-grain spectrographic 
plates. The complete instrument and 
accessories are described in catalog 
D-272, available from Bausch & 
Lomb on request. 
* * * 

A plastic pycnometer of new design 
is being produced by Gardner Lab- 
oratory, Inc., Bethesda, Md. The 
weight-per-gallon cup is machined 
from solid acrylic plastic to permit 
the measurement of corrosive liquids 


75 











In the manufacture of self-expanding spacers for the 
Perfect Circle “‘98’’ oil ring, all print specifications are 
given 100 per cent Statistical Quality Control. A running 
process average is kept on all characteristics. 


At PC, continuing sampling verifies correct channel 
width, channel height, and rail supports, as the specially 
designed punch presses (tep photo) perforate and form 
the strip steel. During another verifying operation, final 
process inspection operators, (center photo) use two com- 
parators, a multi-limit gauge, and micrometers. And, 
when Perfect Circle designed and built sizers (bottom 
photo) cut and size perforated and formed strip steel to 
specified diameters, Statistical Quality Control checks 
are continuous. 


Perfect Circle 


PISTON RINGS 
and POWER SERVICE PRODUCTS 


Hagerstown, indiana and Toronto, Ontario, Canada 








that would damage metal instru- 
ments. It also provides a wide mouth 
for easy filling with viscous pastes 
and liquids. The optical clarity of 
the cup helps eliminate errors in 
measurement by allowing a visual 
check for bubbles. A tare weight, 
also machined from the plastic, is 
shaped to nest in the spherical bot- 
tom of the cup when not in use. 
When in use, the 83.2 ml cup is filled 
just over a fill line engraved inside 
the lip, the fitted cover is placed on 
top to squeeze the excess material 
out through a hole in the center, and 
the excess is removed before placing 
on a balance. The weight of the cup 
is counter-balanced by the tare. The 
contents are weighed to the nearest 
0.1 gram and the weight in grams, 
divided by ten, gives the weight per 
gallon in pounds. The weight per 
gallon in pounds multiplied by 0.012 
gives the specific gravity. Plexiglas, 
the acrylic plastic used, is a product 
of the Rohm and Haas Company. 


A set of Gold Standards for alum- 
inum spotweld testing has been made 
available by Kelite Products, Inc., 
1250 North Main Street, Los Angeles 
12, Calif. The set includes resistance 
standards in thicknesses ranging 
from 0.025 to 0.075 inches, the range 
of thickness employed in aircraft and 
other industries using light alloy 
sheet. The resistance standards are 
used for the calibration of surface 
resistance meters which are used as 
inspection devices for the determina- 
tion of the state of uncleanliness of 
aluminum prior to spotwelding. They 
can be employed in conjunction with 
any type of surface resistance meter. 
Standards of the same thickness as 
the stock to be used in testing are 
selected. Two standards are held to- 
gether in the holding jig of the sur- 
face resistance meter in the same 
manner as is commonly employed 
for test specimens. The resistance of 
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Several Ames Long Range Dial Indicators with plain bearings are currently 
giving an amazing demonstration of performance and endurance under 
test. Several Model 282 Indicators, selected at random from our stock, still 
have their original accuracy — after more than 16,000,000 cycles each, at 


240 strokes a minute, 9 hours a day. 


This outstanding record is made possible by Ames’ use of simple basic design, 
highest quality materials, rugged construction . . . and expert craftsmanship. 


How many more cycles will these Ames indicators complete? 
If you would like to have 
— our recommendations on 
\~ No. 12B Caliper Gauge your measurement problem, 
, “ send blueprints and specifi- 
cations. And ask for your 
> \ Sree copy of our catalog on 


Ames micrometer dial indi- 
cators and gauges. 


Ames No. 2 Dial Comparator 


B. C. AMES CO 


tf Micrs ter Dial Ga v -e Mu 








QUALITY CONTROL 
OPPORTUNITIES— 

Quelity Centro! Engineers, 
Inspectors: Ferword complete 
resume to Personne! Division. 


HUNTER DOUG 


replace 3 piece unit, eliminate assembly, solve gas leakage problems! 
A typical example of how Hunter Douglas cold forgings simplify everyday design problems 


A most critical requirement in the pro- 
duction of an ordnance component was a 
perfect seal against the escape of high 
pressure gases. Fabrication “ conven- 
tional procedures involved the assembly of 
three separate pieces—a screw machine 
part turned from bar stock and bored from 
each end; a separate sleeve machined from 
tubing, and a stamped Welsh plug. The 
three parts were unitized by expanding the 
Welsh plug within the sleeve, forcing walls 
into a machined groove within the head. 


These three compon- 
ents and their assembly 
were eliminated by the 
one-piece cold forging. 


DESIGNERS: 
If you want to know 
more about Hunter Douglas 
Cold Forgings write on 
your company letterhead 
for this free 40 page book, 
now on the press! 


HUNTER DOUGLAS CORPORATION « 
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To simplify the design, insure leak-proof 
construction and eliminate costly machin- 
ing and assembly time, Hunter Douglas 
engineers suggested a cold forging from 
HD-11-T6, a high strength aluminum alloy. 


All internal and external diameters of the 
cold forged component are now formed in 
a single, instantaneous press operation. No 
joints exist to cause leakage, consequently 
rejects are negligible. The cold forging, 
being highly stressed, easily withetands 
bursting pressures of 5500 psi without dis- 
tortion. With its remarkable simplification 
in design, the cold forging requires fewer 
machining operations, thus saving both 
time and unnecessary metal waste. 


Hunter Douglas Cold Forgings can be mass- 
produced in any required numbers and to 
cover a tremendous range of design re- 
quirements. If your components require 
walls of zero draft, high physical proper- 
ties, employ tubular shapes with or with- 
out a closed end, and must meet close 
dimensional tolerances, HUNTER DOUG- 
LAS COLD FORGINGS may provide the 
answer. Our engineers will give you a 
prompt analysis upon submission of a blue- 
print or sample part. 


Hunter Douglas 


RIVERSIDE, CALIFORNIA 


Hunter Douglas Cold Forgings cover a 
multitude of needs. Note wide variation in 
part geometry. Many complex designs 
formerly considered impossible to produce 
by cold forging now respond to new tech- 
niques developed at Hunter Douglas. 


Corporation 


TELEPHONE OVerland 3-303° 
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the standards is measured and the 
instrument is then adjusted to show 
zero resistance in corformance with 
the standards. Kelite Aluminum 
Electrical Resistance Standards are 
made from aluminum alloy stock and 
gold plated with an adherent, non- 
porous deposition of pure gold. Each 
set of standards is tested for elec- 
trical resistance and certified to be a 
true standard. The standards permit 
accurate adjustment and control of 
cleaner and deoxidizer baths, and 
verification of test and welding 
equipment for purposes of certifica- 
tion, 


Edmund Scientific Corporation, 
Barrington 3, N. J., announces a new 
“vest pocket” size version of its well- 
known pocket comparator. The new 
model is about half the size of the 
original comparator, making it easier 
to carry about on the job. The reticle 
pattern is etched in glass and the 
etching is filled with pigment to make 
reading easier. The glass will not 
bend or warp, thus eliminating the 
possibility of damage or error in 
measuring. The reticle pattern of 
the junior measuring magnifier is de- 
signed to compare hole diameters as 
well as take linear measurements. A 
special feature of the reticle is the 
thickness comparison scale, a series 
of parallel lines 0.002 in. to 0.007 in. 
apart, making it possible to measure 
directly the thickness of sheet ma- 
terials. The linear scale is given both 
in millimeters and decimal inches. 
The millimeter scale is 10 mm long, 
subdivided into units of 0.2 mm. The 
decimal inch scale is 0.5 in. long, sub- 
divided into units of 0.005 in. Hole 
diameters are given in fractions from 
1/64 to 1/16 in. and decimals from 
0.005 in. to 0.050 in. The reticle is 21 
mm in diameter, the same as stand- 
ard microscope reticles, allowing the 
magnifier reticle to be removed from 
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UNLIMITED OPPORTUNITIES 





Engineers! Scientists!. 


PN relisliam meh idle 
AT 


VW estinghouse 


SENIOR METALLURGICAL ENGINEER 


FOR QUALITY CONTROL 


The Atomic Power Division of the Westing- 
house Electric Corporation has an opening for 
an engineer experienced in both metallurgy 
and statistical quality control. 

Applicants should have an engineering 
degree, or equivalent, preferably in metallurgy; 
although a degree in engineering or mathe- 
matics with study of metallurgical processes 
may be acceptable. A minimum of three years’ 
experience in research or control of metals 
production and fabrication plus knowledge of 
statistical designs and analysis are required. 
Experience in inspection, testing, report writ- 
ing, and supervision also desirable. U. S. 
Citizenship essential. 

This is an unusual opportunity for a man 
with unusual abilities to do important control 
and investigational work in a new and inter- 
esting field. Starting salary will be commen- 
surate with experience. 








HOW TO APPLY 


All applications will be treated confidentially. 
Please furnish complete details of education, 
experience, earnings and personal history to: 


Mr. A. M. Johnston 

Atomic Power Division 
Westinghouse Electric Corporation 
P. O. Box 1468 + Pittsburgh 30, Pa. 
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the magn ‘Ser and used in a micro- 
scope for measuring under greater 
magnification. Six power magnifica- 
tion is provided by the focusing lens 
The unit is 2 in. long and 1 in. in 
diameter. Price is $12.50 complete. 


* 

A Swept Frequency Generator is a 
new product development announced 
by Electromec Inc., Burbank, Calif. 
The Model 200K is used in conjunc- 
tion with an Electromec Large 
Screen Oscilloscope and provides an 
instantaneous and continuous visual 
display of frequency response of a 
device under test. This combination 
enables the designer to determine 
instantly the effects of changes in 
circuit parameters upon frequency 
characteristics, thus permitting opti- 
mum designs to be obtained in mini- 


mum time. In production test or 
maintenance of frequency sensitive 
devices, the new Electromec Gen- 
erator provides accurate frequency 
response curves instantly upon con- 
necting the device into the test posi- 
tion. The generator produces a con- 
stant amplitude output voltage, con- 
tinuously varying in frequency, and 
covers a frequency range from 20 
cps to 200 KC, or any increment of 
this range. Continuous frequency 
variations are produced by the mod- 
ulation of a voltage controlled os- 
cillator with internally generated 
sawtooth, triangular, or square wave 
forms at any rate between 0.5 cps 
and 50 cps. Provision is made for ex- 
ternal modulation. A _ frequency 
marker with an accuracy of +0.1 
percent is provided, The unit can be 
mounted in a standard relay rack and 
requires 12% in. panel space. 
* * 7 


An improved and redesigned bal- 
ance for moisture determination has 
been announced by The Torsion Bal- 
ance Company, Clifton, N. J. The 
new Model DB-5 has a single cali- 
brated stainless steel beam and a 
vernier slide weight, with coarse and 
fine adjustments, which allows the 
accurate determination of moisture 
in a ten gm. sample, from 0.1 percent 
to 100.0 percent. Two additional slide 
weights are provided: one weight 





and Cable every day: 


the job. 


product. 
The result a better wire or cable 
sold at a competitive price. 


ROCKBESTOS PRODUCTS CORP. 


New York «¢ Cleveland « 
St.Louis © NewOrleons « 





WIRE and 
CABLE 
made BETTER 


by Quality Control 


There are just 3 reasons why more and more people specify Rockbestos Wire 
Each Rockbestos item is designed to give maximum safety and service on 
Each is skillfully made to these specifications with the right materials . . . 
And held to closer quality tolerances than ever before by Statistical Quality 
Control. At Rockbestos, the exact, unerring yardstick of statistics gages every 


step of manufacture from incoming raw materials to the outgoing finished 


every inch just as you specify .. . yet 


FOR PERFECTLY UNIFORM PEAK PERFORMANCE USE 


ROCKBESTOS WIRE & CABLE 


NEW HAVEN 4, CONN. 


the originotors of A. V.C.R 


Detroit . 
Los Angeles °¢ 


Pittsburgh 
Oakland, Calif 


Chicago °*¢ 
Seottie °« 








provides for the taring of containers 
weighing up to 45 gm.; the second 
slide weight may be positioned to 
tare two, five or ten gm. sample 
weights. These features, plus the 
addition of an improved oil damper, 
result in quicker moisture deter- 
minations without the use of loose 
weights. New features include an 
external weight to adjust sensitivity, 
a large tare weight, which can be 
locked in position, location of the 
calibrated beam assembly directly 
over the Torsion mechanism to mini- 
mize effects of vibration, and use of 
Elgiloy metal for the torsion bands. 


7 

A precision aligner, designed to 
obtain great accuracy in the align- 
ment of all machine tools in less time 
than is usually required, has been 
introduced by King Instrument Com- 
pany, 804 Northwest Bank Building, 
Minneapolis 9, Minn. The unit is to 
be used for production line checking 
and for use in rebuilding of machine 
tools. It is accurate up to 0.0003 in. 
per foot of extension and can meas- 
ure parallel, horizontal and vertical 
alignment at the same time. It comes 
complete with shafts so that various 
dial indicators can be used and with 
instructions, for use in a number of 
alignment and checking operations. 


Inspection Devices Company, 5636 
Lake Park Ave., Chicago 37, IIL, is 
distributing a new dial indicating 
vernier caliper which reads in thou- 
sandths of an inch. Caliper is made 
of stainless steel and has a 6” meas- 
uring capacity. It can also be used 
as a depth gage. The dial indicator 
makes it possible for unskilled help 
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to correctly read a vernier and 
greatly reduces the chance for hu- 
man error. 

* * * 

A compact device that automatical- 
ly prints a number, date or time on 
Brown strip charts and similar re- 
corder charts at any instant when a 
voltage is applied to the device dur- 
ing process, test and control work has 
recently been developed by Royson 
Engineering, Hatboro, Penn. The 
unit, called the “Identichart,” makes 
it easy for users to identify individual 
sections of recording charts in rela- 
tion to particular conditions taking 
place at a remote point. The “Identi- 
chart” is supplied in kit form for user 
installation on the outside of the door 
of the recorder. It does not interfere 
with or obscure the recording pro- 
cedure. It is normally supplied for 
28 v.d.c. operation but can be sup- 
plied for other electrical require- 
ments. 


New Literature 

The following new literature is 
available by writing to the company 
listed. Please mention Industrial 
Quality Control when you contact 
any of the companies mentioned in 
the “What’s New?” department. 

Three bulletins are available from 
Technology Instrument Corporation, 
531 Main Street, Acton, Mass. TIC 
Laboratory Report No. 15 deals with 
the use of phase meters in production 
testing. Another bulletin features 
two types of Broadband Dielectric 
Potentiometers; type PD-1 for appli- 
cation in closed-loop self regulating 
systems or remote control of servo 
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systems has a frequency range of 20 
cps to 10 MC; the PD-2 logarithmic 
dielectric potentiometer designed for 
manual control is useful in a wide 
range of control and measurement 
applications. The third bulletin cov- 
ers the new TIC Oscillographic Re- 
corder, which has a response up to 
900 cycles, and eight recording chan- 
nels plus a ninth for use as timing or 
reference marking. 

Information on ultrasonic testing 
is available in a series of bulletins 
available from Sperry Products, Inc., 
Danbury, Conn. 

Bausch & Lomb Optical Company, 
635 St. Paul St., Rochester, N. Y., are 
offering a folder No. D-1042 describ- 
ing three new microscope illumina- 
tors designed to simplify microscope 
setup operations for scientists and 
laboratory technicians. 


Published to commemorate Star- 
rett’s Diamond Jubilee in Precision 
Toolmaking, the new 464-page Star- 
rett 75th Anniversary Catalog pre- 
sents a graphic picture of the con- 
tributions to industry made by the 
L. S. Starrett Company during the 
past three-quarters of a century. All 
tools are described in detail with 
outstanding features highlighted. In- 
structions for using the tools and 
typical applications are described 
and illustrated. The catalog also 
includes a reference section of tables 
and information of value to mechan- 
ics, machinists and tool users. 


Two new catalogs are available 
from the Sheffield Corporation, Day- 
ton 1, Ohio. The first is entitled 
“Sheffield Automation Systems and 
Equipment.” It contains application 
and engineering data on standard 
Sheffield control units for automatic 
machine control, gaging, classifying, 
and segregating processes. The sec- 
ond is entitled “Sheffield Limit Type 
Gages.” It is sectionalized and spir- 
ally bound to provide a rapid and 
convenient method of locating in- 
formation needed by the gage en- 
gineer or gage buyer. Section 6 is 
devoted almost entirely to engineer- 
ing data and will provide a valuable 
aid to those who use this informa- 
tion in their daily work. 
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and give a lift to all other 





Any plant that goes all out from top to 
bottom and reaches every individual with 
a positive power-packed program to build 


QUALITY ENTHUSIASM 


EMPLOYEE MORALE 
PLANT PROBLEMS 


Write today for copies of our new 
straight-from-the-shoulder folder 
CURRENT COMMUNICATIONS 


Place these folders on the desk of your own management. 
Get action NOW from top to bottom on surer, better 


QUALITY COMMUNICATION 


NATIONAL [Lf ASSOCIATION 


Effective Communications with Employees 
29 Worthington Street 


Springfield, Mass. 

















DELIVERY 


Speed with precision extends 
to the shipping room. This 
New Departure wrapping ma- 
chine seals bearings in pro- 
tective paper automatically, 
untouched by human hands. 
You can count on New De- 
parture to meet the demands 
of your delivery schedule. 


PRICE } 
Feed-back principles are em- “ QUALITY 


ployed in this ball race form 


grinder at New Departure. Quality control is of prime 


The machine automatically 
adjusts to maintain specified 
tolerances. More perfect pieces 


importance in the high-volume, 
ultra-precision manufacture of 
ball bearings. Balls are auto- 


per hour mean lower costs for matically inspected by an elec- 

the bearing user. tronic scanning device that 
operates with a speed and 
accuracy considered to be im- 
possible a few years ago. 


ed y 
Tuy wi 


New Departure engineers are ready to help with your @) 


ball bearing problems. And when you consult with New A; EARINGS 
Departure you get the benefit of more than 50 years’ ¢ 1 / SAL © 

experience in ball bearing design and manufacture. Call, 

wire or write... New Departure can help you... PDQ! 


MEW DEPARTURE + DIVISION OF GENERAL MOTORS + BRISTOL, CONN. NOTHING ROLLS LIKE A BALL 
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EXHIBIT FLOOR PLAN 
Hotel Statler 


Booth Booth 
No. Exhibitor No. Exhibitor 


7-9 Sperry Products, Inc. 32 Karl Heitz, Inc. 
11-12 American Cycstoscope Makers 38 Jones & Lamson Machine Co. 
13. Marchant Calculators 46 Custom Scientific Instruments 
14-15 Bausch & Lomb Optical Co. 47 National "U" Association 
16 The Van Keuren Co. 48 Steel City Testing Machines 
17 Johnson Gage Co. 49 J. W. Dice Co. 
18 Perkin-Elmer Co. 50 Friden Calculating Machine Co. 
19-20 International Business Machines Monroe Calculating Machine Co. 
25 American Optical Co. 53 Bendix Radio Div. 
26 Elliott Service Co. 54 Geo. Scherr Optical Tools 
28 Thwing-Albert Instrument Co. 55 Wilson Mechanical Instrument Div. 
31 Scale Specialties & Systems 56 L. S. Starrett Co. 
22-24 Book Booth 
39-40 Tenth ASQC Convention—Montreal Section 
41-44 ASQC Booth 
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NINTH ANNUAL CONVENTION COMMITTEE MEETINGS SCHEDULE 


(All meetings at Hotel Statler except where otherwise indicated) 


TIME DATE & MEETING ROOM TIME DATE & MEETING ROOM 
TUESDAY, MAY 24, 1955 
ANNUAL BANQUET OF THE 
SOCIETY Ball Room 
Editorial Board Village 
Aircraft Technical Committee 111 
Electronics Technical Committee 112 
2:00 P.M Film Library Committee 111 —— Appleton: Town 
Manufacturing & Assembly 


Committee 112 
renege WEDNESDAY, 
Luditing Committee rown 


SUNDAY, MAY 22, 

9:00 A.M OLD” Operating and Exec 
Committees Empire 

MONDAY, MAY 23, 


10:00 A.M. Saddoris Award for Section 
Management Committee Village 


Section Affairs Committee Village 
Office Procedures Committee flown 
Applied Methodology Committee 112 
7:30 P.M. Section Officers Skytop Operations Research Committee 111 


Chairmen of all Committees or " - ‘ r 
Membership Relations 111 Special Awards Committee Dallas 


Chairmen of all Divisions and all 2 “OLD” plus “NEW” Board of 
Technical Committees, AND Directors Washington 
Chairmen of all Coordinating and Publicity & Promotion Committce 111 
Steering Committees, AND Brewing Industries Committee 112 
Committee on Relations with Standards Committee Town 
Technical Societies 112 
Regional Conferences C maumittes Village pe ISION ANNUAL a 
Constitution & By-Laws Committee Town 
Textile Div. Task Groups Dallas 


9:30 P.M. SOCIAL EVENING Ball Room 


Bibliography Committee Village 
4:00 P.M Annual Meeting of the Societ Skytop 


THURSDAY, MAY 26, 1955 
NEW” Operating & Executive 
TUESDAY, MAY 24, 1955 Committees Empire 
9:00 A.M Professional Ethics C ttee Chairmen of all Committees on 
Sse ws a au! Membership Relations Buffalo 


Program and Speakers Committee 112 
; Chairmen of all Divisions and all 


Examining Committee Town Technical Committees, AND 
Financial Advisory Committee Village Chairmen of all Coordinating and 
Steering Committees, AND 

Committees on Relations with 

. ; Technical Societies 3oston 

2-0 ; o -ctors : , 

2:00 P.M NEW" B ard of Director 112 Metals Technical Committee Hudson 
Membership Committee 111 Montreal Convention Program 
Education & Training Committee Village Planning Committee Washington 


Vendor-Vendee Relations 
Committee Dalias 


Automotive Technical Committee Town 
Textile Education Committee Dallas FRIDAY, MAY 27, 1955 


4:30 P.M TEXTILE DIVISION ANNUAI Hotel GENERAL CONVENTION 
MEETING New Yorker COMMITTEE Empire 


Quality Control Begins with 
Research and 
Development 


Through the statistical approach to quality con- 
trol and progressive development, Johns-Man- 
ville has zealously maintained its reputation for 
quality. 

Dedication of New J-M Asbestos Mill 


As evidence of this research and development, 
Johns-Manville announced late last year the 
opening and dedication of what will be the 
world’s largest asbestos mill. This Johns-Man- 
ville mill, the first half of which is illustrated, 
is located at the J-M Jeffrey Mine at Asbestos, 
Canada, the world’s largest asbestos mine. 

Through quality control and the most modern 
equipment for the milling of high quality as- 
bestos fibres, Johns-Manville is meeting the in- 
creased demand for the higher grades constantly 
required for New Product Developments for 
both home and industry. 


WORLD'S LARGEST ASBESTOS MILL: This 
mill building is now in operation and 
JOHNS -MANVILLE when another like it is completed in 
early 1956 they will provide 22\ acres 


4 of floor area with a production capacity 


of 625,000 tons annually. ’ 


PRODUCTS 


Johns-Manville 


22 EAST 40TH STREET NEW YORK 16, N. Y. 
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It’s United Air Lines— 
comfort at every fare! 


Not one, but many things combine to 
put you in a “Mainliner mood™! It’s the 
prompt and cheerful help with your 
reservations. The friendly welcome from 
your stewardess. The comfort of your 
deep, soft seat. 





It’s the thoughtfulness of your captain, 
talking over the passenger-address system. 
The delicious Mainliner meal, with its 
second cup of fragrant, steaming coffee! 


Or—if you're on an Air Coach Mainliner 
the more considerate placing of the seats, 
just two abreast as on First Class flights, 

to give you uncrowded comfort. 


But most of all it’s a feeling that you're 
being superbly served by competent, sincere 
people, who are proud of being “the first 
team in air travel.” 


Part of your satisfaction, too, is the fact 
that Mainliner fares are so low—as little as 
$99 coast to coast, Air Coach, plus tax. 

For reservations, call or write United Air 
Lines or an Authorized Travel Agent. 





Theres a difference when you travel in the Mainliner Manner 
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Because of the weather our speaker, 
G. G. Parkin, Minnesota Mining & Mfg. 
Co., who was scheduled for our Feb. 28 meeting was 
“grounded” in Chicago. Fortunately the Buffalo Section 
has a very able substitute, our own S. P. Zobel, who did 
an excellent job with very short notice 


BUFFALO 


CLEVELAND The regular monthly meeting of the 
Cleveland Section on Friday, April 1, 
closed “Quality Control Week” in Cleveland. 

Started by a TV presentation on Sunday, “Quality 
Control Week” swung into high gear with the all day 
conference on Tuesday, which was outstanding. Ex- 
hibitors, speakers, guests, registrants, everyone agreed 
that the conference was a great success. 


DENVER Guy G. Parkin, Minnesota Mining & Mfg. 

Co., addressed the Denver Section on Mar. 
24 with a very fine presentation on “Significance Test- 
ing in Industry.” Mr. Parkin’s paper gave us examples 
and uses whereas Dr. McElrath at the previous meeting 
discussed “What is a Significance Test.” The members 
of this section are now well versed on the phases of 
significance testing. Our guests were members of the 
American Statistical Association. 


ERIE On Mar. 9 a large turnout heard Emery Gott- 
schall, Quality Control Engineer of Zenith 
Radio and Television, Chicago, tell the story of “Qual- 
ity Control of Purchased Material at Zenith.” Dave 
Ferrell and H. S. Herrick, both of Erie Resistor, acted 
as co-chairmen of the affair. 
GEORGIA [he third meeting of the Atlanta Group 
was attended by 15 persons, interested in 
a specialized application of probability. Dr. Marvin 
Tummins of the accounting department, Atlanta Di- 
vision, University of Georgia, spoke on the “Use of 
Poisson Distribution in Accounting Problems.” This 
was a case illustration from a department store handling 
many thousands of sales tickets. Test sample disclosed 
various errors. How much would they affect total store 
operations? How could the accounts receivables be 
sampled for estimate of past due accounts? How can 
delivery tickets be distributed? Which accounts payable 
invoices warrant verification of detail computation in 
the accounting office? What control can be effective on 
checking clerical operations? There was considerable 
discussion of these specialized problems. 

The Middle Georgia Group held its monthly meeting 
in the Killowatt Room of the Georgia Power Co. at 
Macon. Principal speaker of the evening was Johnny J. 
Deep, publicity chairman of the group, whose subject 
was “Lets All Participate.” 


HUNTSVILLE The Huntsville Section held its last 
meeting Thursday, Mar. 17, in the 
Longfellow Room of the Huntsville Public Library. 
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Dr. Joseph J. Moder, Associate Professor of Industrial 
Engineering, Georgia Institute of Technology was guest 
speaker for this meeting. Dr. Moder spoke on some 
aspects of statistics in industrial experimentation and 
illustrated how statistics can aid the experimenter in 
obtaining the maximum amount of information from 
an experiment spending a minimum amount of time 
and effort. 

Prior to the main program, nominations were made 
for officers for the coming year. 


KANSAS CITY Approximately 80 members, mem- 
bers’ wives and guests attended the 
Mar. 9 dinner meeting of the Kansas City Section. The 
Muehlback Brewery of Kansas City was host for the 
buffet dinner and demonstration of quality control ap- 
plication in brewery production. A color sound film 
supplemented the brewmaster’s talk. The business 
meeting which followed included a report of the nom- 
ination committee. 


LOS ANGELES Dr. G. J. Leiberman of Stanford 

University discussed “Sampling In- 
spection by Variables” at the March meeting of the Los 
Angeles Section. Dr. Leiberman bridged the gap from 
the mathematical statistical theory, which seems so re- 
mote from the work-a-day world, and the easy to use 
practical techniques which have been developed for 
the quality control engineer. Dr. O. B. Moan of Lock- 
heed Missile Division conducted the clinic session on 
the “Fundamentals of Acceptance Sampling by Vari- 
ables.” 


LINCOLN The Mar. 11 Lincoln Section meeting 

featured a panel of our own members who 
presented SQC as applied to automatic screw machines, 
ordnance material assembly lines, and Latin squares 
applied to solution of a problem in rubber goods manu- 
facture. Inland Automatic, Inc., Nebraska Ordnance 
Plant, and Goodyear Tire and Rubber Co. were repre- 
sented in the panel. 


METROPOLITAN Mr. Dorian Shainin, vice-presi- 
dent of the American Society for 
Quality Control, addressed a regular monthly meeting 
of the Metropolitan Section on Mar. 14 at the Hotel 
Douglas, Newark. His subject was “Controlling the 
Quality of Management’s Decisions.” He discussed the 
place of management quality control in an organization 
and its role in enabling management to make sound 
decisions based on the correct evaluation of facts. 
The pre-meeting clinic was devoted to a discussion 
of “Easy Statistical Methods for the Lazy Engineer” by 
Mr. J. H. N. Selman, of the Chemical Corps, Depart- 


ment of Defense. 


MICHIGAN During this period both the Michigan 
Section and its Wolverine Sub-section 
presented extremely interesting and informative speak- 
ers at their monthly meeting. The parent section pre- 
sented Dr. C. I. Bliss, biometrician, Connecticut Agri- 
cultural Experiment Station, who discussed several 
experiments with which he has been connected, in- 
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volving the “Drug Potency in Man.” This was of great 
interest to the group, particularly from the point of 
view of the design of the experiments. 

In Kalamazoo, the sub-section heard a most interest- 
ing discussion on “Quality Control Techniques Applied 
to the Paper and Pulp Industry.” The speaker was John 
F. Langmaid, Jr., associated with the Technical Asso- 
ciation of Paper and Pulp Industries, who were holding 
their meeting in Kalamazoo. 


MILWAUKEE The most successful monthly program 

of the Milwaukee Section was held on 
Mar. 21 with Allis-Chalmers as our hosts. An excellent 
plant tour was arranged by AC in the afternoon, and 
the evening meeting was held at their clubhouse. We 
had a turnout of 168 attending the dinner-meeting 
which was headlined by a talk from Prof. Mason E. 
Wescott, Rutgers University. His topic was “What's the 
Difference,” and was very educational and informative 
All in all, the March meeting was the biggest and best 
of the year, and we are hoping to break that record in 
the future. 


MUNCIE Charles R. Hicks, Assistant Professor of 
Mathematics, Purdue University, spoke to 
our section on Mar. 17 at the Ball State College Student 
Center. He talked on the subject “Fundamentals of 
Analysis of Variance.” The talk was enjoyed by all. We 
had several guest professors of the mathematics de- 
partment at Ball State College. The attendance at this 
meeting was good. 


NEW HAVEN On Mar. 8 the seventh meeting of 


the season was held at the Colonial 
House, Hamden, Conn. D. L. Lobsinger, United Air 
Lines, presented a most interesting and informative 
lecture on “Statistics and Customer Service.” Section 


members and guests enjoyed the complete program of 
social hour, dinner meeting and lecture. 


RICHMOND 


Dr. W. L. Gore gave a down-to-earth 
talk on “Design and Analysis of Ex- 
periments” at the Mar. 22 dinner meeting. Since he is 
a statistical consultant in the Polychemical Division of 
duPont, he was able to give interesting practical ad- 
vice on the economical planning of experiments by use 
of Latin squares and factorial designs. 


ST. LOUIS The St. Louis Section was very fortunate 

at their March meeting to be the guests 
of the Granite City Steel Corp. for an extended tour of 
their operations. Our hosts prepared for the members 
of the section an excellent buffet supper prior to the 
tour. This phase of the evening’s program began at 6:30 
and then the membership was broken into four groups 
of approximately 25 each to make the tour through the 
plant which required approximately 2% hours. We take 
this opportunity to publicly acknowledge the fine eve- 
ning which the Granite City Steel Corp. gave the St. 
Louis Section 


SALT LAKE CITY On Mar. 10 at a dinner meeting, 
Col. M. J. Coffield, director of 
maintenance engineering, Hill Air Force Base, Utah, 
gave an address on “Our Quality Problems at Hill 
Field and Our Plans for the Future.” This meeting was 
well supported with 70 members and guests attending. 
The 12-week course on Industrial Quality Control 
sponsored by-this section in cooperation with the Col- 
lege of Business, University of Utah, was completed on 
Apr. 4. Some 17 persons attended the course which was 
taught by Claron E. Nelson, a member of the faculty of 
the University. 
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SCRANTON Irvin C. Kepner, IBM Corp., ad- 
-WILKES-BARRE dressed the March meeting of the 

Scranton-Wilkes-Barre Section at 
the Wilkes-Barre YMCA. His topic concerned process 
controls 


The Seattle Section sponsored the Joint 
Second Western Regional and Third 
Pacific Northwest Conference on Quality Control on 
Mar. 17, 18, 19 at the Benjamin Franklin Hotel. The 
first day was devoted to an institute on SQC for which 
the attendance was 80 persons. Albert Bartlett of Boeing 
Airplane Co. was assisted by Prof. B. E. Smith of Ore- 
gon State College in handling the first day sessions. The 
last two days were devoted to two excellent concurrent 
programs arranged by Dr. J. J. Livers and G. P. Camp- 
bell. Registrations topped 170 for the Conference. Paul 
A. Robert, president of ASQC, and Dr. Harry G. Romig, 
Shewhart Medalist, were honored participants. Pro- 
ceedings will be available from section secretary Charles 
Sheaffer, Pictsweet Foods, Inc., Mt. Vernon, Wash 


SEATTLE 


SOUTH BEND The South Bend-Mishawaka Sec- 
-MISHAWAKA tion held its first annual Manage- 


ment Night on Thursday, Mar. 17, 
at 7:30 p.m. at the University of Notre Dame Engineer- 
ing Auditorium. Warren Jones, senior partner of Man- 
agement Controls, Inc., Des Plains, Ill., spoke on the 
topic, “Quality Control—Management’s Most Versatile 
Tool.” 


The March meeting of the South- 
ern Tier Section was attended by 
48 members and guests. The speaker of the evening 
was O. H. Somers, Olin Mathieson Chemical Corp., New 
Haven, Conn. His subject, “Engineering for Quality,” 
was enthusiastically received by all present. 

The April meeting of the Southern Tier Section was 
attended by 42 members and guests, as well as 12 mem- 
bers of a quality control class which was sponsored 
jointly by the Southern Tier Section and the Adult 
Education Division of Union-Endicott High School. The 
section chairman, W. E. Andrus, Jr., spoke on “Elec- 
tronic Computing Equipment—The Quality Control 
Tool.” Mr. Andrus, who is a mathematician in the 
Scientific Computation Laboratory of IBM Corp. at 
Endicott, N. Y., highlighted his talk with case histories 
drawn from his experience in the laboratory. His pre- 
sentation stimulated a lively question and answer 
period. 


SOUTHERN TIER 


The March meeting featured a talk by 
Burr Stanton, supervisor of quality and 
production engineering at the General Electric Co., 
Erie, Pa. Mr. Stanton spoke on “Don’t Bet Until You 
Know the Odds.” His provocative talk led to numerous 
questions at the end of his presentation. 


SYRACUSE 


TORONTO _ On Saturday, Mar. 12, the Toronto Qual- 
ity Control Society held its second an- 
nual Forum in the gracious halls of Hart House at the 
University of Toronto. About 200 people were attracted 
from industries in Southern Ontario to hear speakers 
from Canada and the United States. Applications of 
SQC were discussed in relation to automotive manu- 
facture, metal fabrication, food processing, paper manu- 
facture, and defense industries. The morning educa- 
tional session and the afternoon panel discussion on 
“Administration of a Quality Control Program” were 
very popular, but on the whole the interest was fairly 
evenly distributed. 
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The importance of the human factor in a quality con- 
trol program was stressed by two speakers during the 
day, and particularly by the banquet speaker, Ralph E 
Burt of the National “U” Association. Mr. Burt's talk, 
“Human Relations in Quality Control,” centered on the 
reactions of employees in industry to the word “con- 
trol”, and pointed out how necessary it was to remember 
that he has a nervous system, a heart and an ego. He 
said these can have more effect on the production of 
quality than any chart alone; only when the charts 
serve the operator as well as the manufacturer can full 
success be expected in a quality control program. 

Considerate approach to operators was emphasized 
by H. J. Jacobson of the Grand Sheet Metal Products 
Co., Melrose Park, Ill., and by H. E. Sagen of Abbott 
Laboratories in Chicago. They spoke on “Quality Con- 
trol by Infiltration” and “Developing Quality Attitude 
and Pride of Workmanship,” respectively 

The use of a quality control chart to reduce material 
consumption was described by H. R. Bolton of the Har- 
rison Radiator Div. cf GMC. “Quality Control in the 
Paper Industry” was the subject of a talk by W. R. 
Purcell, Rath and Strong in Boston, Mass.; R. I. Tenny, 
President of the Wahl-Henius Institute in Chicago 
spoke about “Aligning Product for Marketability.” “Sta- 
tistical Quality Control in the Inspection Services of 
the Department of National Defense” was described by 
T. S. Czarski, statistician in the Inspection Services, 
D.N.D., Ottawa, Canada. 

On Mar. 15 a joint meeting was held with the Ontario 
Section of the Society of Plastics Engineers. Dorian 
Shainin spoke on the subject of “Controlling the Qual- 
ity of Engineering Decisions.” Mr. Shainin did an ad- 
mirable job of selling and explaining some statistical 
principles to this mixed group, and his talk was very 
well received. 

A plant visit through the new assembly plant of the 
Ford Motor Co. was the feature of the evening on Mar. 
23 at Oakville, Ontario. 


TRENTON On Mar. 16 ASQC and the Society for 

Advancement of Management jointly 
presented “Civilization Through Tools,” a traveling ex- 
hibit presented by the DoALL Co. at the Hotel Hilde- 
brecht. C. G. Schelly, Managing Director of the Wilkie 
Foundation explained each exhibit of man’s tools com- 
plete in sequence from primitive to modern times. Well 
over 125 members and guests attended 


Kurt Gladney of Fiberglas Canada, Ltd., 
got next to the heart of many at the 
March meeting with the topic, “Every-Day Quality 
Control,” in which he described the use of SQC in a 
plant manufacturing bulky, continuous run material 
with a minimum of inspection and QC personnel 


WINDSOR 


The monthly meeting of the Winne- 
bago Section was held on Mar. 7 at 
the Hotel Foeste, Sheboygan, Wis. The speaker for the 
evening was James Barrabee, research engineer, In- 
ternational Harvester Corp., Chicago, Jl. His subject 
was “Foundry Quality Control.” 


WINNEBAGO 


WORCESTER Dr. A. V. Feigenbaum, manager, 
quality control and cost reduction of 
General Electric Co., Schenectady, N. Y., 
“Quality Control as a Management Method” at a meet- 
ing of the Worcester Section on Mar. 17. The meeting 
was well attended and the talk was enjoyed by all 
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Canada’s Foremost 
Steel Producer 


acknowledges the 
considerable benefits 


derived from the activities of the 


AMERICAN SOCIETY FOR QUALITY CONTROL. 


Rigid control of quality has ever been 
a prime factor in the superiority of 


Stelco's steel and steel products. 





Mal 


STEEL COMPANY OF CANADA, 
LIMITED 





MONTREAL, Quebec 








FRACTIONAL GRADES in 
GRINDING WHEELS... 


Thru QC 


Os 


. ory 
. SA-461H8-V2 


(s) 

The three wheels above vary only in hard- 
ness. The middle one, with the figure 2 marked 
by the arrow, has an exact hardness of grade H. 

It is flanked by the two extra grade divisions 
you can get from BAY STATE: 

(a) 1 means 1/3 softer in grade H. 

(b) 3 means 1/3 harder in grade H. 

Such extra, standard specifications mean pro- 
. from BAY STATE. 


— 


WHEELS Paar stess in grinding 


BAY STATE ABRASIVE PRODUCTS CO. 
WESTBORO, MASSACHUSETTS 
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SPEAKER 


SUBJECT 


PLACE 


MEETING 


Dinner Meeting 


Business 


Columbus 


Inst. of Tech 


Georgia 


Lehr 


H 


Statistical Methods in Time Study 


Hurt Building 


Georgia 


Thiokol Corp 


Norman Garner 


New Techniques of Quality Control 


Huntsville 





Reports on National Convention 


Blue Hills Restaurant 


Kansas City 


International Telemeter Corp 


E. King 


G 


Operations Research 


Los Angeles 


Annual Business and Social Meeting 


Pabst Brewing Company 


Milwaukee 


Annual Meeting 


Montreal 


Internat’! Resistance Co 


J. Jacobson 


Product & Design 


Process Capability Considerations 


6:30pm 


Franklin Institute 


Philadelphia 


Night 


Ladies’ 


Election of Officers: 


Holloway House 


Richmond 


Inc 


Dir., Research X-Ray, 


James Bly 


Interpretation and Practical Application of X-Ray 


San Diego Club 


San Diego 


Seattle 


U. S. Rubber Co 


H. O. Evjen 


Economic Freedoms 


South Bend- 
Mishawaka 


Notre Dame University 


One-Day meeting 


of Iowa 


State Univ 


State Univ. of lowa 


Annual Meeting and Installation of Officers 


J. H. Toulouse, Owens-Illinois Glass Co 


DoALL Co 


Professional Improvement Through ASQC Tech. Committees 


Washington 


presentation 


Night 


Ladies’ 


Civilization Through Tools 


Museum of Natural History 


W Massachu etts 





“,..CAST THEIR SHADOWS BEFORE” 





DENVER The May meeting will be a paper pre- 
sented by J. S. Gantt on “Engineering 
Applications for Statistical Methods.” Mr. Gantt is with 


the Jet Engine Department of General Electric Co. 


The first annual picnic of the Erie Section will 
be held at an early date in June. The exact 
date has not been decided upon. The purpose of the 
picnic is to provide a social gathering between our 
spring adjournment and autumn reorganization. 


ERIE 


“Statistical Methods in Time Study” will 
be the subject for talk by Dr. Robert H 
Lehr, School of Industrial Engineering, Georgia In- 
stitute of Technology, on Tuesday, May 31, at 7:30 p.m., 
Room 1833, Hurt Bldg. 


GEORGIA 


At the May meeting of the Huntsville 
Section, David S. Chambers, associate 
professor of statistics at the University of Tennessee 
will be the speaker. He will speak on “Fundamentals 
of Statistics.” 


HUNTSVILLE 


KANSAS CITY The June dinner meeting of the 

Kansas City Section will be held at 
the Blue Hills Restaurant on June 8. Dinner will be 
served at 7:00 p.m. with the business meeting follow- 
ing at 8:00 p.m. Reports of the National Convention will 
be made by members of the section who attended. 








SOLAR 


AIRCRAFT COMPANY 





SOLAR 


DESIGNERS, DEVELOPERS AND MANUFACTURERS 


“MARS” AND “JUPITER” GAS TURBINE ENGINES AND 
POWER UNITS « JET ENGINE COMPONENTS AND 
AFTERBURNERS © SOLA-FLEX® BELLOWS AND 
INDUSTRIAL EXPANSION JOINTS * SOLARAMIC® 
COATINGS FOR METALS - CUSTOM-ENGINEERED AIR- 
CRAFT CONTROLS AND DUCTING SYSTEMS - WELDING 
FLUXES - EXHAUST MANIFOLDS + PRECISION 
FABRICATIONS OF TITANIUM AND ALL HIGH 
TEMPERATURE ALLOYS 


SAN DIEGO DES MOINES 
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The final meeting of this 1955 season 
will be our annual business and social 
meeting to be held at Pabst Brewing Co., Milwaukee, 
Wis. It will take place on Monday, June 20, at 7:30 p.m. 


ST. LOUIS 


MILWAUKEE 


The May meeting has been moved for- 
ward one week so that it will in no way 
conflict with those wishing to attend the National Con- 
vention. The May meeting is scheduled as Ladies’ 
Night and the installation of officers for the new fiscal 
year. The entire top floor of the Chouteau House has 
been turned over for this anticipated social event. 


SCRANTON 
-WILKES-BARRE Sunbury Sections will hold a joint 
meeting at the Berwick Hotel, Ber- 


wick, Pa., Wednesday, May 18, at 8:00 p.m. 
A unique special program to interest the 


SEATTLE 

ladies is being arranged for June 14. This 
will be a dinner meeting with the emphasis laid on 
quality control as it relates to problems in the home. 
As the program chairman Eugene Goddess says, “be- 
yond that we ain't talkin’.” 


SOUTH BEND The Annual Meeting on May 19 will 
-MISHAWAKA be a dinner meeting at which time 

the new officers will be presented 
to the section. This affair will be held at 7:30 p.m. at 
the Bendix Post of the American Legion. 

Dr. H. O. Evjen, director of economic information of 
the United States Rubber Co., Western Div., will be 
the speaker for the final meeting of the 1954-55 season 
on June 16. His subject will be “The Effect of Quality 


on Economics.” 

SOUTHERN TIER The June meeting of the South- 
ern Tier Section will be devoted 

to a discussion of plans for the 1955-56 season by the 

newly elected officers of the section. All members of 


the section are invited to participate. 

SYRACUSE A. M. Koerner, general supervisor, 
Kodak Parts Works, Eastman Kodak, 

Rochester, N. Y., will speak on “Management in Qual- 

ity Control” at the sectional meeting of May 17. 


The Scranton-Wilkes-Barre and 


TRENTON There will be no May meeting of the 

Trention Section. Let’s all go to the 9th 

Annual ASQC Convention at the Statler Hotel, New 
York City. 

WESTERN MASSACHUSETTS On May 24 this sec- 

tion is to have a joint 

meeting with the ASTE wherein the DoALL Co. will 


make its presentation as to “Civilization Through 
Tools.” An appropriate place for this meeting will be 
at the Museum of Natural History which is located on 
Chestnut and State Streets in Springfield. The time of 
the meeting will be 7:30 p.m. and in addition, arrange- 
ments have been made to make this a social night to 
which the ladies will be invited, be they wives, secre- 


taries or friends. 

WORCESTER Alexander Strong, officer and direc- 
tor of Rath & Strong, Boston, Mass. 

will be the speaker at the meeting of the Worcester 

Section on May 19. He will speak on “Quality Control; 

Its Implications and Potentialities.” 





“AS YE SOW...” 








The Second Annual In- 
dustrial Engineering 
Seminar will be held June 14-17 at Cornell University, 
Ithaca, N. Y. 

Of particular interest to ASQC members will be the 
seminar workshop covering applied industrial statistics. 
Other workshops include industrial management, manu- 
facturing engineering, industrial marketing, small plant 
management and work measurement. In addition, all 
participants will attend several general sessions. 

The discussion leaders and speakers will be composed 
of specialists from both industry and the staff of the 
College of Engineering at Cornell. 

Further information may be obtained from Andrew 
Schults, Jr., Department of Industrial and Engineering 
Administration, Cornell University, Ithaca, N. Y. 


TAPPI SHORT COURSE The TAPPI Conference 

on Statistics in the 
Paper Industry will be held July 10-23 at the Forest 
Products Lab., Madison, Wis. This is the fourth Annual 
Conference and is sponsored by the TAPPI Statistics 
Committee and the Forest Products Lab. 

The conference will consist of two separate concur- 
rent courses, elementary and advanced seminar. The 
elementary course will give training in understanding 
and using some of the exceedingly valuable but simpler 
statistical techniques. The advanced course, which will 
be a seminar, will give training in using the more ad- 
vanced applications to those people who already have 
some facility and experience in the use of statistical 
methods. 

Although the courses will deal specifically with the 


CORNELL UNIVERSITY 
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problem of the paper industry, much of the material 
will be equally applicable to related industries where 
material—glass, plastic or metal—is produced in con- 
tinuous strips or rolls. Also because of the overall 
similarity of texting and production problems in the 
paper industry to those of the chemical industry in 
general, the courses should prove exceedingly valuable 
to men seeking summer training in the use of statistical 
methods in the chemical processing industries. 

Enrollment in the elementary course will be limited 
to forty and in the advanced seminar to ten. Residence 
wi'l be on the campus of the University of Wisconsin 
in Kronshage Hall on the shore of Lake Mendota. Fee, 
including cost of instruction, text books, course material, 
board and lodging will be $200.00 for the elementary 
course, $260.00 for the advanced seminar. In order to 
allow for a wider representation, the Committee re- 
serves the right to limit enrollment to four people from 
any one company. 

Application for enrollment should be made before May 
15. To apply for enrollment, or for further information, 
write Fred R. Sheldon, Becco Chemical Div., Food 
Machinery and Chemical Corp., Station B, Buffalo 7, 
N. Y. 





MEMBERSHIP CORNER 











Could there be a better time than this for beginning 
your plans for your section’s membership activity for 
the next year? The final score for the past year’s 
competition is now history, and can best serve to set 
the standards of achievement for the coming year. 

Your first step will be the selection and appointment 
of the Chairman of your Membership Committee. He 


should be a member whose qualifications include genu- 
ine enthusiasm for the Society, and the desire and 
ability to “sell” the benefits of membership in the 
Society to prospective members. Early appointment 
will give your Membership Chairman the opportunity 
of participating in the Executive Committee meetings 
at which plans are formulated for the various other 
section activities, such as program and publicity. See 
that your Membership Chairman is well informed on 
the activities of the section. 

Each Membership Chairman should be provided with 
a copy of the “Manual on Section Membership Commit- 
tee Procedures and Techniques.” This is a compilation 
of suggestions and techniques which have been tried 
by, and have proven helpful to, various sections in 
planning and carrying out their membership activities. 
Each section should have three copies of the manual, 
one each in the possession of the Chairman, Vice- 
Chairman, and the Membership Committee Chairman 

The new Membership Chairman would do well then to 
study the manual for techniques applicable to his sec- 
tion. The Membership Corner in previous issues has also 
given helpful information and ideas on the operation of 
a Membership Committee. The experience of the previ- 
ous year should be reviewed with section officers, and 
analyzed for the particular problems and conditions 
which confront the section. 

Finally, make your detailed plans and timetable to 
achieve your membership objectives, and select enough 
members for your committee to do the work. Again, 
the manual contains helpful pointers. Your committee 
cannot be ready too soon. Getting new members is an 
ail year activity, and the more renewals you have 
before October approaches, the better your “batting 
average” is likely to be. 
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Gages MINOR DIA. of SPLINES 


easily, accurately 
to fractions 


INLAND AUTOMATIC, INC. 


Subsidiary 


Because it is a UNIQUE expand- 
ing plug gage, Comtorplug easily 
gages inside splines that are diffi- 
cult for other contact types of 
gages 


of .0001 —_ 


COMTO R p LU G with interchangeable expanding 


plugs to gage simple or special bores from 1/8” fo 8” dia. 





UNIQUE ADVANTAGES 
Positive gaging accuracy to fraction 
of .0001” regardiess of who op- 
erates it 

Indicates actual size, a fixed—not 
passing—reading 

Positive 2-point gaging—automatic 
centering 

Shallow holes, deep holes, inside 
splines, open-end holes gaged easily 
Detects ovality, back or front taper 
bell mouth, barrel shape 

Reaches to bottom of blind holes 
Gages work while stil! held in chuck 
A shop tool for all-day every day use 
Portable—no wires, hoses or stands 








Investigate the gage used by the 
thousands in jet engine, guided 
missile, farm machinery, automo 
tive transmission, household ap 
pliance, and other volume-preci- 
sion plants. IT MAKES PRECI 
SION GAGING EASY... at 
machine . at inspection bench 

. for selective assembly. No 
other like it—investigate and sce 
why 


COMTOR CO. 


80 Farwell Street 
Waltham 54, 
Massochusetts 


1108 Jackson St. 


Inland Manufacturing Company 
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VENDOR QUALITY PROBLEM 





AUTOMATIC SCREW MACHINE 
PARTS 


Precisely to Print 
Delivery On Time 


A QL CERTIFICATION WITH EACH LOT 





Write, Wire or Call Sam L. Grasso 
Phone: Jackson 1108 


Omaha 8, Nebraska 
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GET THE FULL FACTS 


Quality. Ws 


Strict quality control at all levels of produc- 
tion assure Dofasco customers of the finest 





grade of steel . . . unsurpassed for accuracy 


and uniformity 


— he 


Tin Plate Blue Plate 
Steel Castings Steel Plate 
Pig Iron Cold Rolled Strip 
Cold Rolled Sheets Electrical Sheets 
Vitreous Enamelling Sheets 
"Premier" Galvanized Sheets 


Black Plate 


S. Q. C. (Statistical Quality Control) has 

proved to be an effective management tool 

for The Ohio Rubber Company. Applied on 

the basis of predetermined needs, S.Q.C. 

has resulted in many practical advantages 
for our customers and ourselves. 


THE OHIO RUBBER COMPANY 


A Division of The Eagle-Picher Company 


Willoughby, Ohio, U.S.A. 
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SIGNIFICANT DIFFERENCES 











The New Haven Section will continue to hold in- 
formal monthly executive committee meetings through- 
out the summer in preparation for the 1955-56 season. 
Meetings will be held at committee members’ homes, a 
practice which has proven to be most successful. 


The St. Louis Section is proud to announce that they 
are supplying one speaker, William H. Von Meyer of the 
Barry-Wehmiller Machinery Co. for the National Con- 
vention and three moderators, Joseph Movshin, Donald 
F. Sager, and Paul K. Leatherman. 


George Varseveld, formerly in the quality control 
division, Pictsweet Foods, Inc., Mt. Vernon, Wash., has 
been transferred to San Jose, Calif. He will be Quality 
Control Supervisor in the San Jose plant. George will 
transfer to the San Francisco Section 


Following the July 1954 merger of Pictsweet Foods, 
Inc. and Stokely-Van Camp, Inc., Pictsweet Foods, 
Inc. has been dissolved effective Apr. 1, 1955. Those 
ASQC members formerly listed as Pictsweet Foods, 
Inc. employees will indicate Stokely-Van Camp, Inc. as 
their company affiliation. The members thus affected 
are: Seattle Secticn—E. Terry Dalton, Kenneth J. 
Lenaburg, Ross A. Lindstrom, H. K. Schultz, C. A. 
Sheaffer, and John Stone; San Francisco Section— 
George Varseveld; Los Angeles Section—Tom Camp- 
bell; Portland Section—Donald Hancock. 


The members of the Southern Tier Section were 
pleased to learn of the recent promotion of James W. 
Penrose who was section chairman during the 1953-54 
season. Mr. Penrose, who was formerly manager of 
receiving inspection at the Endicott, N. Y. plant of IBM 
Corp., is now project manager of inspection at the 
Kingston, N. Y. plant. 


The International Statistical Institute with headquar- 
ters at The Hague has announced a two-year grant 
from the Ford Foundation in support of the Inter- 
national Journal of Abstracts on Statistical Methods in 
Industry. This journal, now in its second year of publi- 
cation, has as its General Editor, Dr. Grant I. Butter- 
baugh, Fellow, and member of Seattle Section; and as 
Regional Editor for the United States and Canada, 
Charles A. Bicking, Fellow, and member of the Wash- 
ington Section. 


Robert G. Cordes of the Wichita Section, has been 
appointed Director of Quality for the O. A. Sutton 
Corp., manufacturers of Vornado Air Conditioners and 
Air Circulators. Cordes was previously Product Quality 
Engineer with the company. 





On Apr. 9 Allan S. Criggall member of the 
Puerto Rico section was killed in an auto crash 
near Guayama Puerto Rico. He had been asso- 
ciated with the Univis Lens Co. in various engi- 
neering capacities and at the time of his death 
was serving as quality control engineer with a 
subsidiary company, The Univis Optical Corp. 
which is located in Guayama, Puerto Rico 














“WHERE QUALITY CONTROLS” 


. quality control is not just 


another function at Cessna 


from tiniest part to com- 


pleted product, experienced quality 


control personnel guide our produc- 


tion 


resulting in a quality prod- 


uct for our nation’s business and mil- 


itary requirements ...... 
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Forthcoming 


. 
Courses in SQC 
PURDUE UNIVERSITY 

i ny ninth annual advanced course 

in “Quality Control by Statistical 

Methods” will be held June 20-28. 

This course is intended for those who 

have already had an elementary 

course and who wish to go on to more 
advanced techniques 

The topics will include significance 
tests and estimation, acceptance sam- 
pling by variables, sequential analy- 
sis, linear and multiple correlation, 
analysis of variance, tolerances of 
mating parts, and the chi-square test 

This course is under the direction of 

Prof. Irving W. Burr and will include 

on the instructional staff Profs. Ma- 

son E. Wescott, Edwin G. Olds, Lloyd 

A. Knowler, Cecil C. Craig and 

Charles R. Hicks 

Further information on the course 
may be obtained from Prof. Burr at 


y 


Purdue University, Lafayette, Ind 


MARQUETTE UNIVERSITY 
fens Marquette Management Cen- 

ter is presenting, in connection 
with the Milwaukee section of 
ASQC, a short course on “Introduc- 
tion of Quality Control by Statistical 


cre 


Methods,” June 6-17, 1955 at the 
Marquette Management Center. 

The course will be under the 
supervision of Dr. M. E. Mundel, vice 
director of the Management Cente: 
and it will be taught by Gayle Mc- 
Elrath of the University of Minne- 
sota and Harmon S. Bayer, quality 
control consultant from Detroit, 
Mich. Guest speakers for the course 
will be L. S. Ejichelberger, A. O 
Smith Corp.; I W. Schoeninger, 
Globe Union; A. E. Jakel, quality 
control consultant of Milwaukee; H. 
Gulde, Minneapolis-Honeywell; Car] 
Noble, Kimberly-Clark Corp.; Brant 
Bonner, University of Western On- 
tario; David Blackwell, Prudential 
Life Insurance; Alan MacLean, Min- 
neapolis-Honeywell; and Ray Enge- 
lau, Mueller Brass Co. 

The program is designed for those 
in industry who desire a basic course 
in statistical quality control. The 
program will be directed at a real- 
istic approach through the presenta- 
tion of the practical basic concepts 
together with integrated and special- 
ized workshop sessions to insure 
each enrollee of adequate instruc- 
tion. The aim will be to prepare each 
enrollee to organize, administer, and 
to apply SQC techniques in his own 
work situation. 


TIME-PROVEN RELIABILITY... 
UNIFORMITY...DEPENDABILITY 


Enrollment will be limited to in- 
sure adequate instruction for each 
enrollee. The cost of this course will 
be $150 (housing at the enrollee’s ex- 
pense). For further information con- 
tact the Management Center, College 
of Business Administration, Mar- 
quette University, Milwaukee 3, Wis. 

UNIVERSITY OF MICHIGAN 

he University of Michigan has 

scheduled its eighth annual ten- 
day intensive course in “Quality 
Control by Statistical Methods” for 
August 17-27, 1955 on the campus in 
Ann Arbor. This is a first course for 
executives and supervisory person- 
nel; it is practical and mathematic- 
ally non-technical. It includes the 
standard control charts and sampling 
acceptance plans together with other 
basic techniques. 

Instruction includes lectures, de- 
monstrations, practice sessions, and 
conferences. The instructional staff 
will again include Professors I. W. 
Burr of Purdue University, E. G. 
Olds of the Carnegie Institute of 
Technology, and C. C. Craig and 
E. C. Yehle of the University of 
Michigan. The tuition fee of $100 in- 
cludes a course syllabus and a text- 
book 

Please address inquiries to the 


course director, Professor C. C. 
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Craig, 106 Rackham Building, Ann 
Arbor, Michigan. 

SIXTH “HORSE’S MOUTH” 

COURSE 

or the past five years, the New 

England Sections of ASQC and 
the University of Connecticut have 
presented a Statistical Quality Con- 
trol Institute which is now well 
known as the “Horse’s Mouth” 
course. This course is unique in its 
presentation in that it is basic, rathe: 
than elementary or advanced. It is a 
survey of the available techniques 
and their applications in industry. It 
is not a classroom presentation with 
an academic approach, but rather a 
dynamic exchange of ideas with 
some of the leading men in the qual- 
ity control field 

The concepts emphasized in the 
Institute deal with the basic appli- 
cations of statistical quality control 
in inspection, production, engineer- 
ing and purchasing. This allows the 
registrant a broad look at the entire 
quality control picture as it exists to- 
day, and a look into the future of this 
evergrowing field. The number of 
registrants is limited to sixty in or- 
der that individual attention can be 
given to the problems brought in by 
the registrants. 

Staff will again consist of nation- 
ally known people in the quality 
control field. Material will include 
detailed descriptions of the most re- 
cently developed practical techniques 
such as binomial probability paper, 
lot plot, continuous lot plot, and re- 
set-run cards. 

The registration fee will be ap- 
proximately $180 per person and will 
include room, board, and text and 
class materials. A get-acquainted 
party opens the Institute Sunday 
evening, Sept. 11, and certificates are 
awarded Friday noon, Sept. 23. 

For further information or regis- 
tration, write to Mr. R. M. Story, Jr., 
Coordinator, SQC Institute, Box 
U-41, University of Connecticut, 
Storrs, Connecticut. 





USE BENDER CONTROL LIMIT CALCULATOR 


$3.85 Postpaid 


Determines Cumulative Percentages for use with PROBABILITY PAPER 
ONE setting gives control limits for Ranges, Averages, Individuals 
ONE setting solves the troublesome calculation on p-chart control limits 
ONE setting gives control limits for pn and ¢ charts 


Arthur Bender, Jr. BENDER CALCULATOR COMPANY Martha M. Bender 


1912 Winding Way, Anderson, Indiana 
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STATE UNIVERSITY OF IOWA 
ten-day intensive training 
course in Quality Control by 

Statistical Methods will be offered by 

the State University of lowa at Iowa 

City, Oct. 25-Nov. 4, 1955. This will 

be an int: cductory course which will 

follow the same general pattern of 
previous basic courses. 

Instruction will be by lecture, 
demonstration, laboratory work, and 
evening question and problem dis- 
cussion sessions, with the emphasis 
on practical interpretation through- 
out. 

The tuition of $100 per person in- 
cludes all necessary instructional 
materials, Room accommodations 
will be available at the Jefferson 
Hotel in Iowa City. Make room 
reservations directly with the hotel. 

Further inquiries concerning this 
course should be addressed to Pro- 
fessor Lloyd A. Knowler, Chairman, 
Department of Mathematics, The 
State University of Iowa, Iowa City 


11TH SQC COURSE FOR THE 
CHEMICAL INDUSTRIES 


as eight-day intensive training 
“4X course in quality control for the 
chemical industries will be offered 
by the Rochester Institute of Tech- 
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Cut 
costs, speed 
inspection, with 
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tion 


BENCH COMPARATOR 


Save inspection costs: no expen- 
sive holding fixtures needed for 
most work. Save time: no com- 
plicated set-up. Easy operation 
quickly provides vivid screen 
image, reveals costly production 
errors. Micrometer stage (option- 
al) reads to .0001”. 


Bausch & Lomb CONTOUR 
MEASURING PROJECTOR 


Quickly, easily shows sharp sil- 
houettes or detailed surface views 
on 18” screen... for.inspection, 
comparison, or highest precision 
measurements. Linear readings to 
.0001” ; angular, to 1 minute of arc. 


Bausch & Lomb 
TOOLMAKERS’ MICROSCOPE 


Quickly measures or inspects 
opaque or transparent objects of 
any contour. Linear readings to 
.0001”; angular, to 1 minute of arc. 


m7 SOLD AND DISTRIBUTED EXCLUSIVELY 
ounces BY THE DoALL COMPANY For full in- 


inch pounds 
foot pounds } ~ * ° 
Vi formation call your local DoALL Sales-Serv- 
All sizes from - 
0-6000 ft. Ibs.) SS 
a 


ice Store, or write: The DoALL Company, 
254 N. Laurel, Des Plaines, Illinois. 
Every 
manufacturer, 


design and 
production man 
should have 
this valuable 
dota. Sent upon 
request. 


in inch grams...inth 
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nology at Rochester, N. Y., June 7- 
15, 1955. In contrast to courses 
which usually emphasize mechanical 
and metal cutting operations, the 
content of this program is devoted 
exclusively to the control problems 
of the chemical and allied process 
industries. 


The course is particularly de- 


signed for those responsible for con- 
trolling product either in the ana- 


Index 


lytical laboratory or directly in the 
manufacturing progress. Emphasis 
will be placed on the practical ap- 
plication of quality control in these 
areas. Instruction will cover basic 
statistical control and sampling 
methods as well as many of the ad- 
vanced techniques such as design of 
experiments, correlation, and analy- 
sis of variance. Companies engaged 
in research and development work, 
or those having a continuous or 


batch-lot type of production process 
will find the program of particular 
value. 


The tuition of $100 per person in- 
cludes books and supplies. Room 
accommodations will be available at 
the Hotel Rochester. Further in- 
quiries should be addressed to the 
course coordinator, Robert D. Pease, 
Evening Division, Rochester Insti- 
tute of Technology, Rochester, N. Y 





QUALITY, FIRST! 


Employees of New Holland Machine Company put quality first into the 
grassland farm equipment they manufacture. 
coming raw material through statistical sampling plans. 
specifications, the material is returned to the supplier whether it’s one item or 
a flatear filled to capacity. The average quality level of company suppliers 
is maintained and filed with the Purchasing Division for constant reference 


Quality is the basis of every New Holland operation 
charts determine the quality of machining operations within our own plants 
Machines are regularly adjusted to maintain the predetermined level. 


New Holland’s Quality Control Program makes it possible to offer better 
farm-engineered machines to farmers all over the world. Consistent rnaximum 
performance is the only way New Holland knows to hold its reputation of 
“First in Grassland Farming.” 


NEW HOLLAND 


“First in Grassland Farming’ 
NEW HOLLAND, PENNSYLVANIA 


ranking, 


A general process inspector measures tolerances of 
Holland’s Quality Control! Program is basic to every phase of the manufacturing process 


They begin by inspecting in- 
If it doesn’t meet 


Average and range 


a wire-tie baler’s gear box. New 








to Quality Control 
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RUTGERS UNIVERSITY 

A Basic Conference Series in Sta- 
tistical Quality Control will be held 
at Rutgers University, the State 
University of New Jersey, in the 
Fall of 1955 in New Brunswick, N. J. 

The 1955 Series will consist of nine 
Wednesday afternoon and evening 
sessions beginning October 5 and 
concluding December 7 

Afternoon Sessions: 2:15 to 5:15 
p.m. The afternoon meetings are 
planned to provide a general under- 
standing of a quality control pro- 
gram, including applications of con- 
trol charts to process control, and 
the advantages and methods of sci- 
entific sampling plans both to eco- 
nomic control of process and to an 
inspection program. Practical ap- 
plications of the modern techniques 
will be stressed with demonstrations, 
group discussion, and lectures. Em- 
phasis will be on the applications of 
the techniques and not on the un- 
derlying theory. Short case histories 
of actual plant experiences will also 
be included. 

Dinner Sessions: 6:00 to 9:00 p.m. 
Following the afternoon sessions, the 
members will convene for dinner at 
6:00 o'clock. In co-operation with 
the Metropolitan Section of the 
American Society for Quality Con- 
trol, nationally prominent leaders 
are scheduled to speak at the din- 
ner meetings. They will discuss gen- 


Quality 
Control 
Engineer 


eral methods and aspects of quality 
control. 

For additional information on this 
Basic Conference Series, please write 
to Dr. Ellis R. Ott, or Dr. Mason E. 
Wescott, Rutgers University, New 
Brunswick, N. J. 





POSITIONS WANTED 
Address all replies to box number references 
to: American Society for Quality Control 
Room 563, 50 Church Street, New York 7, 
N. Y. 





QUALITY MANAGER. Experienced 
quality manager desires responsible 
position directing inspection or quality 
control function. Fifteen years experi- 
ence in high level responsibility for 
organizing and directing inspection and 
quality control departments. Success- 
ful in applying SQC to industrial prob- 
lems. Many years of direct contact 
with Armed Service Inspection Agen- 
cies. Please reply to Box 11L1 at the 
above address. 





POSITIONS AVAILABLE 


Address all replies to box number references 
to: American Society for Quality Control 
Room 563, 50 Church Street, New York 7, 
a Be 





Glass container manufacturer has an 
opening for a young man in quality 
control work. Experience desirable but 
not essential. Age 25 to 30. Reply in 
confidence giving background in detail 
and salary expected. Please reply to 
Box 11Y1 at the above address. 


As one of the nation’s leading electronics 
producers, located in the Los Angeles area, 
we now have an opening for an engineer 
with statistical quality control experience. 


To qualify, you should have a mathe- 
matics or engineering background with 
an M.E. or E.E. degree and actual shop 
experience in the application of statis- 
tical techniques to inspection. 

You must have the ability to design 
and follow through on statistical quality 
control procedures. This is a responsible 
position that will provide you with 
ample opportunity for professional de- 
velopment. 

, If you would like more information 
concerning this position, our company, 
and living in Southern Califor iia— 
please send your resume to Mr. Howard 
A. Griffin at the address to the right. 
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Hughes 


AIRCRAFT COMPANY 
11940 West Jefferson Boulevard 


Culver City, California 


QUALITY CONTROL MEN are needed 
by a large midwestern manufacturer of 
automotive and aircraft components. 
Experience in precision manufacturing 
and inspection necessary. One opening 
is for Assistant Quality Manager. Your 
reply should give personal and educa- 
tional data, work history and experi- 
ence, past earnings and salary require- 
ments. Please reply to box 11Y2 at the 
above address 


CONSULTING SERVICES 
Responsibility of the American Society 
for Quality Control, Inc., for Consulting 
Services advertising is limited to cer- 
tification that advertisers hold the grade 
of membership in the Society stated in 
their advertisements. Qualificativn re- 
quirements for the several grades of 
membership are set forth in the Con- 
stitution of the Society. 





Consulting Services in Quality Control 
RALPH E. WAREHAM 
Fellow, ASQC 


122 Orchard Ridge 


Telephone 
Chappaqua, New York Chappegua 1-0715 








Quality Control Consultant 


HARMON S. BAYER 
Senior Member ASQC 


1154 Book Building 
Detroit 26, Michigan 


Telephone 
WOodward 5-3796 








QC Planning Defect Prevention 
LEONARD A. SEDER 
FELLOW, ASQC 


267 HAWTHORNE ST. 
MALDEN, MASS. 
MAlden 4-5446 


Organizing for Quality Training 








Mechanical - Management - Electronic 
Process - Design - Quality Control 
investigations - Appraisals - R 


JOHN |. THOMPSON & COMPANY 
ENGINEERS 


921 17th St. NW, Washington 6, D.C. 
©. F. Keeler, Jr., Vice-President 
Senior Member, ASQC 

; + ar el 


Lab » Pa. 











Statistical Methods Inspection Surveys 
BERNARD HECHT 


Quality Control Specialist 
Serving Industry on East and West Coast Areas 


Senior Founding Member ASQC 


oun Gostere Office Western Office 
vt 4 5410 Wilshire Bivd. 
Washi ao _ cog Los Angeles 36, Cailif., 
ADams 4-6711 WE 01213 








Management Can brols 


POUNDED IN 1¥45 
References and Literature on Request 


Senior Partner: 699 Rose Ave. 
W. E. JONES Des Praises, ILL. 
Fellow, ASQC Vanderbil: 4-6533 




















SCINTILLA DIVISION 


Bendix Aviation Corporation 


Sidney, N. Y. 


Manufacturers of ignition systems for piston and jet en- 
gines, electrical connectors, ignition analyzers, diesel fuel in- 
jection equipment, ceramics, magnetos for industrial engines. 








UAtaaae LIVES depend on quality control 


I. pharmaceuticals, as in nothing else, too 

much of a good thing—or too little—can be 
disastrous. With few exceptions, a drug's potential 
for good is directly matched by its potential for 
harm in the event of misuse or error. 


he the manufacture of antibiotics and specialized 
pharmaceuticals, Bristol Laboratories enforces a rigid 
system of checks and counter-checks at every step—from 
the receiving platform to the shipping room—to assure 
unvarying consonance of composition with label 
specifications on each of its many products. There can be 
no compromise—a human life may depend on it. 


Producers of antibiotics and 
pharmaceutical specialties for the 
medical and allied professions. 
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OLDSMOBILE 
HAS 








Oldsmobile Super “'88"' Holiday Coupé. A General Motors Valve. 


Quality Control Makes It Possible! 


There’s far more than brilliant beauty . . . far more than flashing 
power behind Oldsmobile’s new “Go-Ahead” look! For Olds- Quality Control plays a major role in build- 
mobile insists on one grade of quality—-TOP QUALITY— in the ing the all-new “Rocket” 202 Engine. 
manufacture of every “Rocket” Engine car. Years ago, Olds- 
mobile discovered that quality can only be improved with a 
system of controls . . . rigid controls! That’s why hundreds of 
technicians devote all their time to the maintenance and im- 
provement of Oldsmobile quality. And that’s one of the big 
reasons why 1955 is another great Oldsmobile year . . . why 


Oldsmobile is rocketing way ahead to stay ahead! 


OoOLOS MNO BI LE 


DIVISION OF GENERAL MOTORS CORPORATION + LANSING, MICHIGAN 
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QUALITY CONTROL 
TRAINING MANUAL 


Written and Edited by 


STATE UNIVERSITY OF IOWA 
SECTION 


ASQC 





The book begins with the most elementary concepts of quality 
control and progresses logically through the various phases of 
variable and attribute chart construction, the interpretation of 
control charts, acceptance sampling, and Mil-Std. 105A. Included 
in the text are a number of work sheets and grid paper for the 
student to record data, and other exercises and problems. 


The material is clearly written and supplemented with many 
illustrations and diagrams. The general arrangement of the book 
is such that each topic will cover about one hour of classroom 
work 


This is a revised edition of the text used in the Quality Control 
Training Course given at Augustana College, Rock Island, in 
November, 1952. Because of its enthusiastic reception at the 
school, and due to the many requests for additional copies from 
industrial personnel who have read the book, it has been made 
available to the public. Individual copies may be obtained at 
$2.75 each, postpaid. Educational institutions or ASQC sections 
ordering in quantities of 50 or more—20% discount 

Copies available at ASQC Booth in the Hotel Statler May 23, 
24, and 25, 

or write 
H. R. TURNEY, Vice President 
State University of Iowa Section 
c/o Solar Aircraft Co., Des Moines 5, lowa 


A basic text written primarily for industrial people 


—designed specifically for in-plant training programs. 








TABLE OF CONTENTS 


What Is Statistical Quality Control? 
Benefits Obtained from Quality Control 
Review of Arithmetic 

Construction of the Variable Chart 
Interpretation of the Variable Chart 
Histograms and the Normal Curve 


Comparison of Process with 
Specifications 


Averages versus Individuals 
Simulating a Process 

Summary of the Variable Chart 
Introduction to Attribute Charts 
Constructing the p Chart 

Simulating a Process 

Other Attribute Charts 

Introduction to Acceptance Sampling 
Mil-Std. 105A. 
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the reward for 


CRAFTSMANSHIP 








The fashioning of a treasured gun 

...or the delicate process of brewing a 
superb beer ...both call for 

| a special craftsmanship which takes 

















years to develop to a peak of perfection. 








The incomparable quality of Miller High Life 

is born of such true craftsmanship. Carefully trained 
workers, enriched with experience and 

instilled with pride, unite their skills to produce 
Miller High Life...a beer so outstanding 

in goodness that it is recognized and respected 


everywhere as the National Champion of Quality. 


| Mes 
: fz 


Hiren Lire 








BREWED ONLY IN MILWAUKEE, WISCONSIN BY 
THE MILLER BREWING COMPANY FOR 100 YEARS 
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ON GUARD FOR AMERICA’S 
AIR DEFENSE 


AMERICA’S SAFETY depends upon the 
quality of men and weapons that make 
up our air defense. Our airmen have 
proved their superiority time and again, 
and Convair is determined to provide 
them with weapons of equal quality, like 
the supersonic Air Force F-102A inter- 
ceptor. But whether the weapon is a 
fighter, bomber or missile, Convair insists 
on quality that provides the maximum, 
the Nth degree of air power... 


Engineering to the Nth power 


CONVAIR 


A DIVISION OF GENERAL DYNAMICS CORPORATION 
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‘ 
= though the thousands of published formulas 


for business success, stretched end to end, would 
reach from here to Utopia, and although all of 
them differ to a greater or lesser degree, each in- 
We'll call 


evitably includes one basic ingredient. 


it Element **X. 


Element **X”’ is the habit of “taking pains” 
—a habit which, in the world of commerce, 
has a way of rendering a business name syn- 


onymous with quality. 
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This time-proved idea exists throughout the 
John Deere organization as a guiding principle, 
a principle constantly promoted and continually 
fostered through a practical system of Statistical 


Quality Control. 


Statistical Quality Control, with its modernized 
application, endorses, continues, and insures the 
vision, initiative, and craftsmanship which—firmly 
implanted in the ideals of John Deere himself— 
still serve, not only the entire John Deere organi- 


zation, but its customers as well. 


Ilbkinmois 


JOHN DEERE « Molin« 





His job makes your job easier! 


He’s one of our Quality Control men. His job is to 
make sure 3M products are so uniform in quality that 
your plant can use them with the least possible testing. 

To do this, he uses the finest scientific equipment 
available, and can call upon the experience gained in 
more than four decades of new product development 
through research. 

You see, we really believe in research at 3M. After all, 
research is what built our company. Our first product 
was sandpaper . . . the world’s best sandpaper, but only 
a single product. It was research thinking and research 
activity that enabled us to expand into thousands of new 
and different products: more than 300 pressure-sensitive 
adhesive tapes; over 1,000 industrial adhesives; ‘“Scotch- 
lite” Reflective Sheeting; “Scotcn” Sound Recording 
Tape; and many, many other products that today fill 


important needs in American Industry. (Incidentally, 
we still make the best sandpaper and other coated abra- 
sives you could want, too!) 

So we count heavily on the man pictured above. We 
know that if we are to continue to grow, we must con- 
tinue to lead. Whatever the product (and we even have 
some that are so unique we haven't found ways to use 
them yet!), we must demand—and deliver to our cus- 
tomers—the high quality that only the applied science 
of precision standards can assure.—Minnesota Mining 
and Manufacturing Company, St. Paul 6, Minn. 


A COMPANY BUILT ON RESEARCH 


The terms “SCOTCH”, “SCOTCHILITE”, and “3M"' ore registered trademorks of Minnesota Mining and Manufacturing Co., 
St. Paul 6, Minnesota. Export Sales Office: 99 Park Ave., New York 16, N.Y. In Canada: P.O. Box 757, London, Ontario. 
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Allison 


Turho-Prop 


lifts 
Navy fighter 
straight up 


When the Navy’s revolutionary new interceptor — the 
Convair XFY-1— takes off and lands, it gets all its lift from 
its dual rotating propellers which are driven by Allison 
T40 Turbo-Prop engines. 


That means the power package produces greater thrust 
than the weight of the aircraft for take-off and slightly iess 
thrust than weight for landing. This delicate landing 
operation requires the engine to deliver positive and depend- 
able power in the exact amount called for by the pilot. 


The Allison T40 engine twin power sections deliver a 
mighty 5850 horsepower for take-off. In level flight the 
pilot can shut off one power section to efficiently cruise or 
he can open the throttle wide on both power sections for 
maximum power and speed 


This VTO fighter was designed to take off and land from a 
destroyer’s fantail or a freighter’s deck which means that 
each ship in a convoy can carry her own defense against 
attacks for the entire voyage — promising greater safety for 
these surface craft. 


Along with Convair and the U.S. Navy, Allison takes great 
pride in the spectacular success of this new type aircraft 
and in the simple accolade —‘‘Well Done.”’ 


GENERAL 
MOTORS 


ison 


Division of General Motors, 
Indianapolis, Indiana 
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The A. S. Q. C. 


LEADING EDUCATORS: 


Invinc W. Burr 


Purdue University 


Joun A. HENRY 


University of Illinois 


CHICAGO SECTION 
TRAINING MANUAL 


IS THE ANSWER TO YOUR TRAINING PROBLEMS IN QUAL- 
ITY CONTROL CHARTING AND INSPECTION SAMPLING. 

THE TWELVE LECTURES ON CONTROL CHARTS AND MOD- 
ERN SAMPLING PLANS HAVE BEEN PREPARED BY FOUR 


Litoyp A. KNOWLER 


State University of lowa 


Mason E. WescotTr 


Rutgers University 


EACH LECTURE IS WRITTEN IN SIMPLE, NONTECHNICAL 
LANGUAGE EASILY UNDERSTOOD BY NEWCOMERS IN 
QUALITY CONTROL TECHNIQUES. 


@ 


it, 4 


MORE THAN FIVE THOUSAND COPIES Available at A.S.Q.C. Booth. 

HAVE BEEN SOLD TO DATE. LARGE Hotel Statler, May 23-24-25 

INDUSTRIAL FIRMS HAVE MADE PUR- PRICE: $2.00 per copy, postpaid 

‘HASES , LOTS UP TO T LE IN- , . ‘ 

= ee — Quantity discount to sections of the 

DRED. American Society for Quality Control, 
or if purchased in lots of 25 or more. 

REQUESTS FOR THE MANUAL HAVE 

COME FROM CANADA, FRANCE, ITALY, Send your inquiry or order to: 

GERMANY, GREAT BRITAIN, HOLLAND, Chicago Section A.S.Q.C. 

SWITZERLAND, INDIA, JAPAN. AUSTRA- P. O. Box 1097 

LIA, AND OTHER COUNTRIES. Chicago 90, Illinois 
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Back of Each of 50,000 Items Sold by DON 
is an Institution of Service 
and a Guarantee of Satisfaction! 


‘Everything You Need... 
When You Need It! 


EQUIPMENT, FURNISHINGS & SUPPLIES 


Whether it be a carton of toothpicks or a battery of kitchen ranges— 
a case of toilet tissue or a dish washer, no matter what you buy here, 
it is guaranteed! Back of our written guarantee on EVERY ITEM is 
the name and reputation of DON. And in addition to QUALITY, 
VALUE, CHOICE and positive SATISFACTION, you get the service 
you're entitled to! Each order is shipped quickly—wswally the very 
same day it is received! 

A few of the 50,000 items sold by DON and listed below may suggest 
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Views of the DON perme- 
nent Exhibition Hall. You're 
always welcome. 


Pe frees tes 


aS, 


something you need NOW! 


Reminder CHECK LIST: 


Coffee Urns 

Springs and Mattresses 

Silverware 

Trays and Covers 

Towels (Paper-Cloth) 

Electric Vegetable 
Peelers 

Floor Matting 

Sinks (Stainless Stee! 
—Galvanized) 

Double Boilers 

Chinaware 

Tables and Chairs 

Floor Maintenance 
Machines 

Ovens (Gas-Electric) 

Towel Dispensers 

Ash Trays and Stands 

Mixers (All Kinds) 

Polishes and Cleaners 

Bar Stools 

Menu Covers 

Pots and Pans 

Lamps 


Bed Linens 

Dish Washers 

French Fry Cutters 

Utility Carts 

Cutlery 

Deodorizers 

Guest Room Furniture 

Toasters 

Spreads and Blankets 

Water Pitchers 

Mops and Brushes 

Ice Chippers 

Plastic Tableware 

Roll and Food 
Warmers 

Water Coolers 

Bar Supplies 

Steam Tables 

Soaps and Detergents 

Table Linens and 
Napkins 

Can Openers 

Vacuum Cleaners 

Uniforms 


Hospital Supplies 

Butter Cutters 

Electric Clocks 

Ranges and Broilers 

Glassware 

Paper Cupsand Straws 

Curtains 

Coffee Makers 

Sanitation Supplies 

Toilet Tissue 

Juicers 

Disinfectants and 
Germicides 

Sand Urns 

Garbage and Storage 
Cans 

Food Grinders and 
Slicers 

Soda Fountain 
Supplies 

Floor Coverings 

Novelties—Party 
Supplies 


SELF MEMO 


(Write down what else you need) 





Talk it over with your DON salesman—or write 


epwaro DON 4 company 


1400 N. Miami Ave 


Miami 32 


2201 S$ 


LaSalle St 
CHICAGO 16 


27 N. Second St 
Minneapolis 1 





QUALITY CONTROL is used on gear cutting 
standard and automatic transmissions 








First chart 
on gear cutting 


Operation in ¢ ontrol 
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WARNER GEAR DIVISION of Borg-Warner 
Corporation produces the finest quality transmis- 
sions in the automotive industry with the direct aid of 
Statistical Quality Control. Through the use 
Checking gear for size on rolling fixture of these aids, we have maintained the reputation for 


utmost quality and precision over the past 53 years. 


WARNER GEAR 


Automatic Torque Converter Transmissions. 
Overdrives. Synchronized Car and Truck 
Transmissions. 
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1 MODELS 


3 SCREEN SIZES 


Bench Type 
5%" x 7%" Screen 
3 Models 


Unsurpassed Inspection Versatility 


JONES & LAMSON OPTICAL COMPARATORS 


The Essence of Quality Control 


Jones & Lamson Optical Comparators are designed and built like rugged machine tools to withstand 
vibration and hard use. Yet they have the built-in accuracy to satisfy the most exacting laboratory 
standards. 
@ They meet the requirements of toolroom, laboratory and production inspection. 
@ They precisely measure height, depth, lead or spacing, as well as angles to degrees and minutes, 
They will measure to .0001”. 
@ Theycompare intricately contoured parts with a master outline —and measure the amount of error. 
@ They are convenient to operate, easy to set up and read direct——without computation. 
@ They operate under normal lighting conditions. No darkroom is needed. 
@ They will photograph the enlarged shadow and record its relationship to a master chart. 
@ Several persons may study the shadow at the same time. 
@ They will inspect and measure surface contours, as well as profiles of objects such as type 
faces, stamping dies, punches, worn tools, etc. 


Jones & Lamson Machine Company 
510 Clinton Street, Dept. 710 
Springfield, Vermont, U.S. A. 
Please send Comparator Catalog No. 402. 
==<> A complete line of STANDARD CHARTS 


and FIXTURES is maintained by us. 
NAME TITLE 


JONES & LAMSON gay “sms 


COMPARATOR DIV. i 
2 Dept. 710 

















JONES & LAMSON MACHINE COMPANY 
. “Xo 


510 Clinton St., Springfield, Vt., U.S.A. CITY 








NOT JUST BETTER- 


but 
Much Better! 


Test the Dimensionair by the most rigid methods 
and you will see beyond all doubt that it has 
unparalleled accuracy and that it has many 
advantages beyond your expectations. 





Put it in your plant — alongside any other air gage 
—and still more advantages will become definitely 
obvious. 

Just secting it ready to gage is strikingly simple and 
fast — les: than ten seconds — absolutely no fiddling 
around balancing air pressures. 

It is the only dimensional air gage .:de to a definite 
predetermined accuracy. All critical dimensions are 
made precisely to specified tolerances to assure that 
accuracy. Every gage repeats the same measurements. 
It is the only air gage accurate enough to have a cali- 
brated scale when set to one master. \ts calibration is 
not left to the operator's adjustments but is built into 
the gage. 

If you use old style air gages and are unfamiliar with 
the Dimensionair, you'll really appreciate its accuracy 
and ease of handling. If you will give yourself a break 
and really investigate the Dimensionair — and try it — 
you'll say, too, ““There’s no comparison”. You will 
really like it. 

Its eleven advantages positively justify the time you 
take to find out that these claims are mot exaggerated, 
In quick, simple set up, speed of setting, gaging accu- 
racy, stability and simple maintenance, the Dimension- 
air more than justifies its place in your production. 

Don’t take our word for it — or anybody's — take 
your own. Try it, buy it and use it. You'll insist that 
the next gage will be a Dimensionair, too. Just ask us 
for a chance to operate one. 
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FOR ANYTHING IN MODERN GAGES... 


Dial Indicating, Air, Electric, or Electronic — for Inspecting, Measuring, Sorting, or Automatically Controlling Dimensions on Machines 








